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OKOLUeHO Ha KOHyC BHH3 M \AMQQ1 

Mepe oaho BnycKHoe OTBepcTue, 
pacnono>KeHHoe HM>Ke KOHycoo6pa3Horo flHa 
uriM b HenocpeflCTBeHHOM 6jim30ctm ot Hero, 
npuHeM 3to BnycKHoe OTBepcTue 
npeflHa3HaHeHO Ana ra3a, KOTopbifi nonxeH 
CMeujMBaTbos b TexHonornMecKMM ra30M, 6mjih 
Ana ncnapaioiiieM >khakocth. B ycTpotfCTBe no 
MeHbiueii Mepe oflHa BnycKHaa Tpy6a Ana 
TBepAbix MacTHi4 pacnonaraeTca b CTeHKe mum 
KOHycoo6pa3HOM flHe CMecHTenbHoii Kawiepbi. 2 
c.n.n 21 3,n.cb-jibi, 4 Ta6ji., 7 mi. 



(54) CnOCOB OBPABOTKM TEXHOJlOrHHECKHX TA30B H YCTPOI4CTBO flim ETO OCyUJ,ECTBJIEHM?l 

(57) PecpepaT: 

Cnoco6 Ana o6pa6oT 
ra30B m ycTpoiicTBo Ana era ocymecTBneHMa. 
Cyu4HOGTb: oxjia>KASHMe TexHonon/wecKoro ra3a 
b peaKTope TaKMM o6pa30M, HTo6bi 
TexHOJiorMHecKMM ra3 bxoauji b 

HenOCpeACTBeHHbIM KOHTaKT c 

nCeBAOO>KU>KeHHblMH TBepAbIMM HaoTMi^aMM, 
KOTopbie BbifleriflioTCfl v\3 TexHonornHecKoro ra3a 
nocre o6pa6oTKM i/i npeuMymecTBeHHO 
B03BpaLAafOTCfi b peaKTop. npeAHa3HaMeHHWM 
Ana o6paGoTKn TexHonornnecKMM ra3 
CMeLLiMBafOT nu6o OAHOBpeMeHHO, nuoo nepe3 
KopoTKne npoMe>KyTKM BpeivieHU o 

pei^MpKyjlMpyeMblMM TBepAbIMM HaOTMliaMM M 

ra30M, b KanecTBe KOToporo no MeHbUjePi Mepe 
4acTHMH0 BbidynaeT TexHonornMecKUM ra3, 
KOTopbiM y>Ke o6paGoTaH m H3 KOToporo nocne 
o6pa6oTKM y>Ke 6binn BbiAeneHbi TBepAbie 
HacTMLJbi. no STOMy onooo6y no MeHbUjetf Mepe 

OAHH H3 KOMnOHeHTOB, T.e. TBepAbie HaCTMl^bl 

mjih ra3, KOTopbiM Aon>KeH CMewuBaTbca c 
oo"pa6"oTaHHbiM ra30M, 6yAeT xoroAHee, HeM 
npeflHa3HaHeHHbiM Ana o6pa6oTKM 
TexHOJiorMHecKMM ra3. ripeAnaraeTCH TaioKe 
yoTpoMOTBO Ana o6pa6oTKM TexHonorunecKoro 
ra3a nyieM oxna>KAeHWfl TexHonorwHecKoro ra3a 
b npMcyreTBnn TBepAbix HacTHU,, KOTopoe 
coAep>KMT BepTMKanbHbiM peaKTop, B aohhom 
4acTn KOToporo pacnono>KeHO BnycKHoe 
OTBepcTMe Ana TexHonorM^ecKoro ra3a, a 
CMecHTenbHan KaMepa ycTpoMCTBa 
pacnojirotceHa b peaKTope, npwneM 
KOHycoo6pa3Hoe aho OMecMTenbHOM KaMepbi 
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(54) METHOD OF PROCESSING TECHNICAL GASES AND DEVICE 



(57) Abstract: 

FIELD: chemical engineering. SUBSTANCE: 
technical gas is cooled in reactor so that 
gas comes to direct contact with fluidized 
solid particles separated from technical gas 
after processing and preferably returned 
into reactor. Technical gas to be processed 
is mixed either uninterruptedly or in short 
intervals with recycling solid particles and 
gas, which at least partly is the same 
technical gas having been processed and free 
of solid particles. Method presumes at least 
one of the two components, gas or solid 
particles, to be colder than technical gas 
to be processed. A device is also developed 
to process technical gas as described above. 
This is upright reactor with inlet for 
technical gas in its bottom section. Reactor 
accommodates mixing chamber whose cone-like 
bottom is pointed downwards and has at least 
one inlet opening positioned below cone-like 
bottom or in close vicinity of it. This 
opening is intended for gas to be mixed with 
technical gas or for evaporating liquid. 
Device also has at least one inlet tube for 
solid particles located either in wall or in 



cone-like bottom of the mixing chamber. 
EFFECT: enhanced efficiency in cooling 
technical gases. 23 cl, 7 dwg 
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M3o6peTeHne othochtca k cnoco6y n 
ycTpoficTBy Ana o6pa6oTKM TexHonornnecKnx 
ra30B 3a cneT oxna>KAeHHfl TexHonon/mecKoro 
ra3a b npucyTCTBMM TBepflbix HacTrnv 

Pa3JiMHHbie BbicoKOTeMnepaTypHbie 
npoL^eocbi, HanpuMep nnaBneHne pyA mjim 
MeTanriMHecKnx KOHU,eHTpaTOB, a TatoKe 
npoL4eccbi, npeflycMaTpnBatomne nnaBneHi/te, 
BoccTaHOBneHue v\ WHaa o6pa6oTKa 
MeTanjiyprnnecKnx wnaKOB, oo">Knr i^eiuieHTOB, 
BbicoKOTeMnepaTypHbie npoL4eocbi b XMMMHecKOM 
npoMbiiunei-iHoc™ n t.a. CBH3aHbi c 
o6pa30BaHneM w BbifleneHueM 

BbicoKOTeivinepaTypHbix ra30B, coAep>KaLHMX 
KOMnoHeHTbi, Korapbie GTpeMflTca npMnnnaTb k 
TennonepeaaioinnM noBepxHOCTHM, 4to kohghho 
6yfleT 3aTpyflH^Tb nocneflyioi^ee BbiAeneHne 
Tenna H3 sthx ra30B, a TaioKe i/ix oxna>KAeHne. 
CKnoHHbie k npunnnaHnio coep,v\nenm MoryT 
TaioKe o6pa30BbiBaTbca n b xoAe o6bNHbix 
npou,eccoB o6pa30BaHna ra30B. HanpuMep, k 
HMcny coep,wnenm, Koropbie 3arps3HfiK)T 
TennonepeAaioiAMe noBepxHOCTM, mojkho 
OTHecTH cneAyioLUMe: 

coeAMHeHMfl, KOTopbie KicnapaioTCfl b 
npoL4eoce o6pa6oTKM n KOTopbie b pe3ynbTaTe 
oxna>KAeHMfl 6yAyT KOHAeHCHpoBaTbca nnn 
cy6nnMnpoBaTbCfl; 

KanriH pacnnaBa, KOTopbie b pe3ynbTaTe 
oxna>KfleHM5i OTBepx<AaK)TCfl; 

nacTHUbi, KOTopbie CTpeMfiTCfl cneKaTbca; 

AbiM i/inn aspo3onb, OTnuMaKHi^Mecfl OHeHb 
He6onbiiJMM pa3MepoM cbomx Had 1/114, o6bNHO 
MeHee 1 mk, h CBoefi TeHAeHU,weM npunnnaTb k 
ApyrMM MacTMi^aM AbiMa nnn k noBepxHOCTHM, 
KOTopbie BCTpeHaKDTcsi Ha nyTH nx flBmKeHna; 

pacnnaBJieHHbie hum TBepAbie coeAHHeHHfl, 
o6pa3yioi4neofl b pe3ynbTaTe npoTeKaHna 
XMMH4eCKMX m nponnx peaKi^n. 

B 3aBMCMMO0TM OT KOHKpeTHOtf CMTyai^HH 

TexHOJiorMHecKuPi ra3 MO>KeT coAepaoTb oamh 
nrin 6onee H3 nepeHMcneHHbix Bbiwe 

KOMnOHeHTOB. MX 06IAHM npH3HaKOM ABflfleTCfl 

TeHASHL(i/i3 npMnunaTb k TennonepeAaiomi/iM 
noBepxHOCTAM Tennoo6MeHHMKa mjih napoBoro 
Koma b MOMeHT npoxo)KASHMSi noTOKa ra3a 
nepe3 KOTen mjih Tennoo6MeHHMK. B pe3ynbTaTe 
sroro Tennoo6MeHHHK nocTeneHHO 3acopneTcs u 
ecTecTBeHHO naAaeT era scpcpeKTUBHOCTb, hto b 
KOHeHHOM MTore npHBOAHT k ocTaHOBKG Bcero 
TexHonoraHecKoro npoi4ecca. 

Bo MHornx cnynaax OTpni^aTenbHbiM acpepeKT 
noAoGHora 3arpfl3HeHua mojkho CHH3MTb 3a cneT 
ncnonb30BaHMfl pa3nnHHbix TunoB npoAyBOHHbix 

OHMCTMTejlbHblX yflapHblX MexaHM3MOB. 

HeAOCTaTKOM npOAyBOMHblX OHUCTMTenbHblX 

ycTpoMCTB flBnaeTCfl o6fl3aTexibHoe 
ncnonb30BaHne b ashhom cnywae napa noA 
BbicoKMM AaBneHHeM, a Taioxe tot cpaKT, mto 
ncnonb3yeMbiM nnfl npoHHCTKM ra3 MO>KeT 
ora3aTb OTpuL^aTeribHoe BJiMflHue Ha cocTaB 
npeAHa3Ha4eHHoro ppn o6pa6oTKH 
TexHOJiorHHecKoro ra3a. KaK npaBuno, B03Ayx 
He ncnoiib3yeTCfl pf\n o\mcm\omy\x rasoB. 

y>Ke AOKa3aHa acpcpeKTMBHOCTb 

ncnonb30BaHHfi npn pa3iiMHHbix pa6oMHx 
yonoBHflx Bn6paTopoB n npoAyBOMHbix 
o^MCTHTeribHbix ycTpoiicTB b Ka^ecTBe cpeACTBa 
hmctkh Tennonepeaaioinnx noBepxHOCTew. 

HeAOCTaTKOM STMX yCTpOMCTB H MeXaHM3MOB 
ABTIfllOTCfl OrpaHH'-ieHHfl, CBfl3aHHbie C MX 

npaKTM^ecKWM ncnorib30BaHneM BMecTe c 
napoBbiMH KOTnaMM. KpoMe Toro, Bn6paTopbi, 
HanpuMep, OKa3biBaK3TCfi HeAocTaraMHO 

npn pa6oTe c 



naponeperpeBaTeneM . 

ripaKTMKa M OnbIT rOBOpflT O TOM, HTO, K3K 

npaBuno, npo6neMa 3acopeHH^ npeACTaBnaeT 
co6om Han6onbiuyK) onacHOCTb npH k3kom-to 
KOHKpeTHOM TeMnepaTypHOM Anana30He, 
KOTopufi o6bNHO xapaKTepeH Ann 
TexHonorMMecKoro npoL(ecca, b xoAe 
ocymecTBrieHHfl Koraporo 6yAeT MaKCMMaribHO 
BbicoKofi TeHAeHU,Mfl nbinn k cneKaHwo. Hn>Ke 
6onee AeTanbHO onncbiBaioTCfl npn^nHbi, 

KOTOpbie OKa3blBaiOT BflHflHHe Ha 3TOT 

TeMnepaTypHbiti flnana30H. 

BceM cnei4nanncTaM b o6nacTM nopoiiiKOBoti 
MeTannyprnH, a TaK*e b TexHOJiornn ropeHna 
KepaMHMecKHX MaTepnanoB xoponio H3BecTHbi 
cneAyioLi^He cpaKTopbi (cpeAH npoHHX 

CpaKTOpOB), KOTOpbie OKa3blBaiOT B/lMSHMe Ha 

npoL^ecc cneKaHna: 

pa3Mep nacTuu, nopoiuKoo6pa3Horo 
MaTepnaria: neM MeHbiue pa3Mep 4acTHu„ TeM 
HM>Ke TeMnepaTypa Hanana ocymecTBrieHHfi 
npoL^ecca cneKaHHn; 

ecru KaKan-TO CMecb coeAMHeHMM AOCTHraeT 

3BT6KTMH6CK0M TeMnepaTypbl B K3K0M-T0 

MHoroKOMnoHeHTHOM CHCTeMe, rarAa b stom 
cucTeMe 6yaeT o6pa30BbiBaTbca pacnnaB n stot 
pacnnaB 6yAeT sanoriHATb nopbi Me>KAy 
HacTHL^aMH, b pe3yribTaTe Hero u nponcxoAHT 
BbicoKoscpcpeKTHBHoe cneKaHne b 

TeMnepaTypHOM A^anasoHe, KOTopbiM MO>KeT 

6blTb OHeHb y3KMM. 

BbinapMBaeMbie b xoAe ocyu^ecTBneHHfl 
sraro npou,ecca KOMnoHeHTbi, HanpnMep 
Tfl>Kenbie MeTannbi m menoHM, CTpeMfiTCfl 
KOHAeHCMpoBaTbCH MfiH cy6nMMnpoBaTbCfl npH 
KaKOM-TO KOHKpeTHOM TeMnepaType, KOTopaa 
6yAeT cneL(ncpHHecKoii Ann sthx KOMnOHeHTOB. 
B CBS3H c oxna>KAeHneM 6yfleT o6pa30BbiBaTbca 
nn6o cnnaB, KOTopbie KOHAeHcupyeTca Ha 
TennonepeflaKni^nx noBepxHOCTnx mhm Ha 
noBepxHOCTSix nacTkm nbinn, 6naroAaps neMy 
ohm CTaHOBflTcn 6onee ni/inKHMH, nw6o 
BbinapeHHbie KOMnoHeHTbi, KOTopbie 
cy6nnMnpyioTCfi HenocpeACTBeHHO Ha 
TennonepeAaioii(nx noBepxHOCTflx, FlBneHMe 
noflo6Horo Tuna npoucxoflUT, HanpuMep, b 
menoHHoPi 6aPinacHOM CMCTeMe b L^eMeHTHoti 
o6>KMraTenbHoti neHH, hto co6cTBeHHO n 
o6"bficH3eT, noneMy b 3tom cb33h o6bNHO He 
npoMcxoAHT scfjqbeKTMBHan pereHepaL(Hfl Tenna. 
noAo6Hoe >Ke SBneHMe Ha6nioAaeTCfi b 
npoL(eccax ra3HcpHKau,MM, ecriM ra3 coAep>KHT 
L4enoHH h/mtih ocTaraHHoe KoriMHecTBO >khakoto 
npoAyKTa neperoHKM. 

Ecjih oxna>KAeHMe npn6nn>KaeTCJi k 
TeMnepaType 3aTBepAeBaHMS, TorAa 
HaxoAHLUHeca b TexHonorHHecKOM ra3e KanriH 
pacnnaBa nw6o nerKO npunnnaioT k 
HaxoAflLUHMca b 3tom >Ke TexHonorMHecKOM ra3e 
HacTHL^aM, hto 6yAeT TonbKO cnoco6cTBOBaTb 
npMJiMnaHHio nacTuu, nbinn k TennonpoBOAflL^HM 
noBepxHOCT^M, nn6o ohh 6yAyT OTBep>KAaTbCfl 
HenocpeACTBeHHO Ha TennonepeAaioii^HX 
noBepxHoc™ n cneKaTbca Ha hhx. 

B onepaL4Hnx AbiMoo6pa30BaHMfl MeTannbi 
npeAHaMepeHHO BbinapHBaicT v\z >KHAKoro 
mnaKa c u,enbio hx BoccTaHOBneHMfl. HanpuMep, 

U.MHK, CBHHeU, M OnOBO BblAenfllOT H3 ra30BOM 

cpa3bi nocne HcnapeHna b pe3ynbTaTe 
M3MeHeHHH noTeHL^Hana KMcnopoAa, HanpuMep, 
b pe3ynbTaTe H3MeHeHMn noTeHL4nana 
KMcnopoAa, HanpuMep, b pe3ynbTaTe 
noBTopHoro o6>KMra. BnaroAapa 3TOMy b 
TonoHHOM ra3e o6pa3yioTCfl HCKnioHHTenbHO 
MenKMe nacTML^bi unw Kannw. Pa3Mep nacTMi^ 
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3T0r0 TMna flblMa OSbNHO HaXOflMTCfl B 

Ai/iana30He ot 0,1 flo 1mk wni/i Aa>Ke MeHbwe. 
3tot flbiM OTnunaeTca ocooeHHO 6onbiuoM 

nOBepXHOCTHOti aKTWBHOCTblO M TeHfleHL^MeM K 

npwni/inaHnio k TennonepeAaroiAHM 

noBepxHOCTAM, hto npennTCTByeT HopManbHOM 
pa6oTe napoBoro ko™. lloaTOMy oneHb 
oonbwafl nacTb onepau,i/iM flbiMoo6pa30BaHMfl 
Bee eme npoTeKaioT 6e3 M3Bne4eHWfl Tenna. 

B sneKTpoBoccTaHOBMTejibHbix npou,eccax 
cpeppocMecefi HaonioAaeTca ABneHne, KOTopoe 
c-ieHb HanoMMHaeT o6pa30BaHne AbiMa m 

KOTOpOe B HaCTOflLHee BpeMfl XOpOHIO H3BeCTHO. 

HanpuMep, b npoL4ecce BoccTaHOBneHMfi 

Cj3eppOCHJlMI4Mfl l/l KpeMHMfl B SneKTpi/IMeCKOW 

ne^n KpeMHuCi oyaeT cyonHMnpoBaTbca b 
KaKOM-TO KOHKpeTHbiM TeMnepaTypHOM 
flnana30He b svip,e mohookhcm KpeMHUJi, KOTopaa 
OKHcnaeTca, Hanpi/iMep, b 30HTe OTKpbiToPi vtnvt 
nony3aKpbiToti nenn pp flByoKucn KpeMHi/ia, 
o6pa3ya b TonoHHOM ra3e SiO 2 A«m. Mto 
KaoaeTca pa6oTbi napoBoro Koma, to y>Ke 
AOKa3aHO, mto Si0 2 flbiM 6yfleT oneHb TpyflHO 
o6pa6aTbiBaTb npw TeMnepaTypax Bbiiue 
500 °C. Ha npaKTHKe noMTM Becb KpeMHMM m 
cfjeppocujinmiM Bee eme o6pa3yeTCfl 6e3 
yTnnn3ai4nn Tenna otxoahlahx ra30B. 

ripn BoccTaHOBfieHMi/i cpeppocMeoeu m 

KpeMHUfl B 3aKpblTOM SJieKTpMHeCKOti neHH l/l B 
3aBHCI/1MOCTI/1 ot npou,eHTHoro coflep>KaHMq 
npuMeceCi b hcxoahhx MaTepi/ianax npoi/icxoAi/iT 
o6pa30BaHne nepeMeHHbix rannqecTB 
mohookmch KpeMHi/ia h L^MHKa, a TaioKe napoB 
menoHHoro MeTanna. npw oxna>KfleHMM ra3a, 
Hanpi/iMep ra3a c TeiwnepaTypoM ot 1000 flo 
1300°C, KOTopbifl BbiflenaeTca b xofle 
ocymecTBneHUfl TexHonornMecKoro npoL(ecca, 

MOHOOKI/ICb KpeMHWH OKMCnfleTCfl AO SiO 2 AbiM 

(oTxoflfliAuR ra3), a ynoMAHyTbie Bbiiue npoMHe 
napw KOHfleHcupyioTCfl nn6o HenocpeflCTBeHHO 
Ha TennonepeAaioiAMX noBepxHOCTax, nn6o 
CHanana b BMfle flbiMa b toiiohhom ra3e. 3aTeM 
ANMbi npununatoT k TennonepeAaiomi/iM 

nOBepXHOCTflM, MTOflOBOflbHO GKOpO npHBOAUT K 

yivieHbiijeHnio scjxpeKTi/iBHOc™ pa6oTbi 

oeopyflOBaHMS n o6bNHO TaioKe k 3aKynopKe 
noBepxHocTeK Tennoo6MeHHMKa. 

llpHMepOM XHMHHeCKHX peaKU,nPi, 

B03HMKHOBeHue KOTopbix ooycnaBnMBaeTca 
oxna>KASHMeM i/i npuMepoM o6pa3yK)Lnnxcfl b 
pe3ynbTaTe npoTeKaHna sti/ix peaKi^nM a^imob 
(otxoahlamx ra30B) flBnaeTCfl nnaBneHne 
CMHycoBbix KOHi^eHTpaTOB Ha ocHOBe oyribcpMAa, 
b npou,ecce KOToporo o6pa3yeTca TonoHHbitf ra3 
c 6oraTbiM coAepwaHHeM - Pb PbO, KOTopbitf 
coAep>KMT T3K>Ke S0 2 n TeMnepaTypa KOToporo 
6yAeT 1200 1300°C. no Mepe oxna>KA,eHHH 
SToro ra3a b napoBOM KOTne HanuHaeTCfl 
KOHAeHCHpoBaHne ncnapeHuPi Pb t PbO, a c 

APyrOM OTOpOHbl, M3MeHflK)TCH XMMUHeCKMe 

paBHOBecus c uejibio o6pa30BaHna cbhhi40boto 
cynbcbaTa b TeMnepaTypHOM Anana30He ot 
npuMepHO 900 p,o npuMepHO 500°C, npuqeM 

3TOT CBMHL^OBblM OyflbCpaT BblflejlfleTCfl H3 

ra30BOM cba3bi b av\p,e AbiMoo6pa3Hbix MacTui^. 
OAHOBpeMeHHO 6ojibLiioe KonnneoTBO Tenna 
ocBo6o>KAaeTC?i b pe3ynbTaTe KOHAeHcai^nn, a b 
pe3ynbTaTe npoTeKaHna pea^uki 
cynbcbaTH3ai4nn nponcxoAUT BbiAeneHne Tenna 
peaKi^MM. YonoBHfl A/ia cynbcjDaTM3aL^HM 6yAyT 
6naronpnflTHNMH TonbKO no tom npunuHe, mto 
noTOK ropsHero ra3a KOHTaKTupyeT c 
TennonepeAaiomHMH noBepxHOCTaMM c 

OAHOBpeMeHHbIM 



oxna>KAeHMeM, nptmeM b ashhom cny-iae 
TennonepeAaiomne noBepxHOCTM BbicTynaioT b 
KanecTBe ocHOBbi, Ha KOTopoii nponcxoAHT 
BbiAeneHMe o6pa30BaHHoro cynbcbaTa CBUHLia. 

CneKaHne HacTnueo6pa3Horo MaTepnana, 
neMy bo mhotom cnoco6cTByeT peaKL^na 
cynbcpaTM3aL^nn, npucyTCTByeT b 6onbiuMHCTBe 
npoi4eccoB nnaBneHna cynbcpnAHbix 
KOHL(eHTpaTOB, 6naroAapq neMy npoucxoAHT 
o6pa30BaHne napoB, AbiMa, Kanenb pacnnaBa 
kinn MacTWL(, HanpuMep, CBMHua, Me ah, i4HHKa, 
HMKena h nponnx MeTannoB h OKHoeti, npn stom 
napw, AbiM, Kannn pacnnaBa n nacTHL^bi 
cynbcpaTM3npyioTCfl no Mepe oxna>KAeHHfl ra3a. 
nocne Toro, ksk b cooTBeTCTBHH c hobom 
TexHonornefi nnaBneHHfl CTanH ncnonb30BaTb 
Bee 6onee m 6onee KOHi4eHTpnpoBaHHbiM 
KucnopoA h HMCTbiM KucnopoA, HeyKnoHHO 
noBbiLijanncb noKanbHbie TeMnepaTypHbie nMKM 
oaMoro TexHonornnecKoro npoL4eooa, a TaioKe 
KOHL^eHTpaL^HH OKMceM cepbi, mto npuBeno k 

HOCHTenbHOM 3Ha4MM0CTM n 

1 peaKL(nn cynbcfiaTH3aLiMH co BceMM 
BbiTeKaiomuMn OTraofla npo6neMaMn 3acopeHna. 
OAHOBpeMeHHO nponcxoAnno paciiinpeHne 
Mcnonb30BaHnn Bee 6onee cno>KHbix n 
3arps3HeHHbix OTnoxeHMM n HarapoB, KOTopbie 
coAep>KanM noBbiiueHHbie KOHi^eHTpai^MM i^MHKa 

M CBHHL(a B MeAHblX KOHL^eHTpaTax M 
SHannTenbHO yBennHnnacb p,onn TaKnx 

KOMnOHeHTOB, KOTOpbie MHTeHCMBHO MCnapfllOTCfl 

h oynbcpaTM3npyioTCfl b HacTMuax 
TexHonornnecKoro ra3a, a cneAOBaTenbHO, 
CTann 6onee cepbe3HbiMH npo6neMbi 3aoopeHwn 
TennonepeAaioLi4Hx noBepxHOCTefi. 

npo6neMy cynbqbaTnaaL(Mn mo>kho 
HecKonbKO CMflrnnTb 3a o^eT npoAyBKH 
AononHnTenbHoro Koni/mecTBa B03Ayxa Hepe3 
KaMepy M3nyHeHMfl napoBoro KOTna. 3to 6yAeT 
cnoco6cTBOBaTb 6onee noriHOM cynbcpaTM3aL(HM 
y>Ke b caMOM KaMepe n3nyHeHMfl. OAHara b 
TexHunecKOM nnaHe sto He npuHeceT Hnrai<ofi 
nonb3bi oaMOMy TexHonornMecKOMy npoL(eccy, 
nocKonbKy MaTepnan b BHAe MenbMaMiunx 
HacTHL( H3 napoBoro KOTna o6bNHO 
B03BpamaeTca b HananbHyio TOHKy 
TexHonorMHecKoro npoi^ecca. B ashhom cnyHae 
B03BpaT cynbcpaTa yBennnnBaeT Harpy3Ky 
Linpi<yn3L(nn cepbi m noBbiiuaeT noTpe6neHne 
SHeprnn npoLiecooM nnaBneHns. 

Bbiiue 6bina npuBeAeHa AOCTaTOHHO 
y6eAMTenbHaq nnniocTpaL(nq npuHMH 3acopeHnq 
m 3aKynopKM TennonepeAaioiAnx noBepxHOCTePi 
m HeT h n Ka kmx noBOAOB AeTanbHO 

3a nocneAHee speMP 6bino npeAno>KeHO 
HecKonbKO nyTeti m opeAOTB nono>KHTenbHoro 
penieHnq npo6neMbi 3acopeHna n 3aKynopKH 
napoBbix KOTnoB m Tennoo^MeHHHKOB. Hn>Ke 
npMBOA^Tcq 6onee noApo6Haa MHCpopMaL;nfi, 
MCKnioHHTenbHO b KaneoTBe npuMepoB, o y>Ke 
M3BecTHbix cnoco6ax n ycTpowcTBax, mrapbie 
ncnonb3yioT nn6o TexHUKy nceBAOo>KM>KeHHoro 
cnon, nn6o ocHOBHbie MAen stow TexHMKM. 

H3BecTeH onoooG KOHAeHcau,nn 

cy6nnMnpyeMbix coeAMHeHnPi, ncnapeHHbix b 
ra3e, M3 3Toro ra3a b BHAe MenKnx nacTML^. B 

COOTBeTCTBMH C 3T1/1M CnOC060M Ta3 

oxna>KAaeTCfl tiotokom AOOTaTOHHO KpynHbix n 
TBepAbix HacTi/114 (c pa3MepoM 3epHa npwMepHO 
0,7 mm) b BepTMKanbHoti KaMepe, b kotopom 
noraK ra3a noAHMMaeTca BBepx, a TBepAbie 
nacTHL^bi onycKaioTCfl bhh3. TBepAbie nacTHL^bi, 
pa3Mep 3epeH KOTopbix Aon>KeH Ti^aTenbHO 
Bbi6npaTbOfl nponopi^MOHanbHO CKopocTM 
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noTOKa ra3a, oxna>KAaioTca b MHflUBUflyanbHOM 
cucTeMe, a 3aTeM L^upKynnpyioTCfi no 
HanpaB/ieHwo k BepxHew crapoHe CMCTeMbi. 
Mcnoiib30BaHne 3Toro cnocooa orpaHi/wi/iBaeTca 

KOHflGHCMpOBaHMeM KOHflGHCMpyGMblX napOB B 

noTOKe AbiMa [1] 

M3BecTeH cnoco6 KOHAeHcnpoBaHna us rasa 
cy6nnMnpyeMbix coeflMHeHnCi, KOTopbie y>Ke 
6bmn BbinapeHbi b noTOKe ynoMflHyraro rasa, no 
3TOMy cnocooy TBepflbie nacTML^bi noAaioTca b 
noTOK ra3a nepeA momshtom era Bxo>KAeHi/ifi b 
Tenroo6MeHHMK, nocpeflCTBOM Hero ra3 
oxna>KAaeTCfl b Tennoo6MeHHHKe b npucyTCTBMi/i 
TBepAbix HacTMi4, a npoL^ecc cy6"nnMai4i/in 

npowcxoAMT Ha nOBepXHOGTM TBepAblX MaCTMU,, 
B3BeiueHHbix b noTOKe ra3a. TBepAbie HacTni4bi b 
AaHHOM cnynae BbidynaioT b KanecTBe aAPa 
Ana cy6nnMnpyK)iAero MaTepi/iana. 3to 6yAeT 

yMeHbLUaTb MHTeHCHBHOCTb 06pa30BaHMH AblMa, 

cnooo6oTBOBaTb nocTOHHHOMy o^niAeHnio 
TennonepeAaioiAnx noBepxHOCTew n noBbiiuaTb 
3cpcpeKTHBH0CTb TenjionepeaaHM. ScpcpeKTMBHoe 
BbinonHeHue SToro cnoco6a o6fl3aTenbHO 
npeaycMaTpuBaeT HanMHue nnoTHOCTM 
cycneH3nn Bbime 16 ki7cm 3 b caMOM 
Tenjioo6MeHHMKe w CKopocTb noTOKa ra3a b 
flnana30He ot 0,9 flo 2,1 m/c (2). 

M3BecTeH cnoco6 oxna>KAeHMfi rop^Mux 
ra30B, KOTopbie coAep>KaT TBepAbie nacTMLibi n 
3aoopaioT Tennoo6MeHHbie noBepxHoc™ b 
pe3ynbTaTe CMeLUMBaHwa TBepAbix MacTwu, b 
noTOKe ra3a, npi/i stom pa3Mep stmx <-tacT\Ai\ 
(HanpuMep, 10 20 Mew) 6yAeT 3HaMMTenbHO 
oonbwe pa3Mepa TBepAbix MaoTuu,, 
npucyTCTByioiAHX b ra3e a° Mowema 
oxna>KAeHMfl, a Taiwe b pe3ynbTaTe 
HanpaBfieHUfi CMecu ra3-TBepAbie HacTi/iubi npn 
BbicoKoW CKopocTM (ot 3 ao 23 m/c) 4epe3 
oxnaAHTenb, onaroflapa neiwy perynnpyK>TC?i 
KonnMeoTBO n pa3Mep KpynHbix HacTnij o i^e/ibio 
o6pa30BaHH3 3<£c|3eKTa MCTMpaHUfi, 
AOCTaTC-iHoro pj\n nocTOHHHoro noAAepJKaHnsi 
TennonepeAaioLAnx noBepxHOCTetf b muctom 
coctohhuh. flocne BbixoAa M3 oxnaAHTenq 
nponcxoAMT OTAeneHne nepBOHananbHbix 
uenmx ^\aorv\\\, Korapue npncyTCTBOBanw b 
TexHOJiornMecKOM ra3e, ot 6onee KpynHbix 
TBepAbix HacTui^, KOTopbie 6binu Ao6aBneHbi b 
3tot ra3. Mcnonb30BaHne stoto cnocoGa 
orpaHMHMBaeTCfi, HanpwMep, cnynaeM, KorAa 
BbiMbiBaeMaa KpynHbiMM TBepAbiMM ^acTHLi,aMH 
apo3ws ncnonb3yeTca Ana hhctkh 

Tenil006MeHHMKOB, 0AH3K0, npH 3T0M 3p03Hfl 

Hen36e>KHO yiweHbLuaeT cpoK cny>K6bi 

Tenil006MeHHMKOB M3-3a 60Jiee MHTeHCMBHOrO 
MCTMpaHMfl HX OCHOBHblX KOMnOHeHTOB (3). 

M3BecTeH onoooB BbiAeneHus 
ymeBOAopoAOB (cmoti nnn p,evn\) H3 ropwero 
ra3a b pe3yribTaTe KOHAeHonpoBaHns 
ymeBOAopoAOB Ha noBepxHoc™ naoTMi^ b 
oxna>KAeHHOM nceBAoo>KM>KeHHOM cnoe. no 
STOMy cnocooy npeAycMaTpuBaeTca 
ncnonb30BaHne OTAenbHoro noTOKora3a b 
KanecTBe nceBAooKM^aiomeCi cpeAbi w 
BBeAeHne npeAHa3HaHeHHoro aha o6pa6o™ 
ra3a b OTAenbHbifi Tpy6onpoBOA n nepe3 conna 
unn OTBepcTna SToro Tpy6onpoBOAa b 
L^eHTparibHyio 30Hy nceBAoo>KH)KeHHoro cnoa, 
6naroAapa 4eMy oxnaweHne ra3a u 
KOHAeHCHpoBaHne ymeBOAopoAOB nponcxoAMT 
HacTOJibKO 6bicTpo, mto yrneBOAopoAbi npocra 
He MoryT KOHAeHcupoBaTbcn Ha CTeHKax 
peaKTOpa urn Ha oxna>KAaK>LHMX noBepxHOOTfix, 
KOTopbie pacnonaraioTCfl b nnoTHOM 
nceBAoo>KM)KeHHOM cnoe HM»ce OTBepcTi/iM Ana 



BnycKa ra3a. npuMeHeHne stoto cnoco6a 
orpaHHHHBaerefi cneAyKJiAeti cnTyaL^neM: ecnn 
npeAHa3Ha4eHHbm An^ o6pa6oTKM ra3 ppn>KeH 
BBOAHTbca nepe3 conna nnn OTBepcTna, TorAa 
ynowiflHyTbiM cnooo6 mo>kho nononb30BaTb 
TonbKO b cnynae, ecnn ra3 He ooAep>KHT 
coeAMHeHMq, KOTopbie 6yAyT cneKaTbc^ npn 
TeMnepaType nx BnycKa. B AaHHOM cny^ae 
npoGneMOM SBnaeTca TaioKe u pa3AeneHne 
nceBAoo>KM>KaioiAeM cpeAbi. ripaKTMMecKMM onbiT 
roBopuT o tom, hto pa3MemeHne oxna)KAaioiAnx 
Tpy6 b HM>KHefi hum aohho^ 4acTn 
nceBAoo>KU>KeHHoro cnon CB33aHO c AoeonbHO 

3HaHHTejlbHblMM paCXOAaMU M ABJlfieTCfl 

pucKOBaHHbiM b nnaHe o^L^eM 6e3onacHOCTn 
TonbKO noTOMy, mto noeBAOo>KH>KeHHbiCi onoti 

Bbl3blBaeT flOBOflbHO CHJlbHyiO 3P03MIO Tpy6 (4). 

M3BecTeH cnoco6 oxna>KAeHMfl ra3a, 
coAep^ai^ero Kannn pacnnaBa n ncnapeHHbie 
mjim BbinapeHHbie coeAHHeHna, nn6o b 
oxna>KAeHHOM nceBAoo>KH>KeHHOM cnoe, nn6o b 
npocTpaHCTBe nepeA TennonepeAaioi^nMM 
nOBepXHOCTflMM, 3a CMeT unpKynnpoBaHHfl 
nacTMi^, oxna>KAeHHbix b peaKTOpe o 
LiMpKy.ni/ipyiomMMH nceBAoowi/ixeHHNM cnoeM. B 
Ka^eoTBe nceBAO0>KM>KaioLLieCi cpeAbi 
McnoribsyeTCH caM TexHononwecKHM ra3, 
6naroAap;i MeMy mo>kho o6oMTHcb 6e3 
McnoribsoBaHHfl BHeniHero noTOKa rasa. Bonee 
Toro, ypoBeHb TeMnepaTypw b 
nceBfloo>KM>KeHHOM cnoe vinvi OTHOLueHHe noTOKa 
ra3a k noTOKy MacTMU b peaKTope c 
i4npKynnpyioLAMM nceBAoo>KM>KeHHbiM cnoeM 

Bbl6paHbl C TaKHM paCMeTOM, MT06bl 

TeMnepaTypa CMeiiiHBaHHH 6bma HH>Ke 
TeMnepaTypw OTBep>KAeHMfl pacnnaBa v\ 
KOHAeHCHpyioLAMXcn coeAHHeHHM. B peaKTope c 
LiMpKynHpyioiAMM nceBfloo>KM>KeHHbiM cnoeM 
nacTML(bi BBOA^TCfi b noTOK ra3a nepe3 
MHAHBHAyanbHbiti perynnpyioiAHH unanaH 
caMoro peaKTopa c nceBfloo>KM>KeHHbiM cnoeM, 
KorapbiM BbicTynaeT b ponn npoMe>KyT04Horo 

TaHKa, M3 KOTOpOrO HaCTHL|bl C BblCOKOfi 

CKopocTbio (npMMepHO 10 m/c) nonaAaiOT b 
noTOK TexHonorHHecKoro ra3a h TeM caMbiM 
CMeiuMBaioTCfl c npeAHa3HaneHHbiM ppn 
oxna>KfleHMa ra30M. 

3tot cnocot5 ocotoeHHO npnrofleH An^ 
oxna>KfleHMa ra3a m ra3oreHepaTopa co cnoeM 
HaxoAflLLieficH noA AaeneHHeM pacnnaBneHHOM 
conn. B cnynae ncnonb30BaHMS stoto cnoco6a b 
ycnoBHfix, b KOTopwx npeo6naAaeT Bbicorae 
AaBneHHe m b kotophx HH3Kaa SBTeKTMHecKaa 
TeMnepaTypa HacTHL) npeAycMaTpMBaeT 
o6a3aTenbHoe HanHHue OTHOCMTenbHO hm3kom 
TeMnepaTypbi CMeiuMBaHMfl (no cpaBHeHMio c 
TewinepaTypoM bo BnycKHOM OTBepcTMH Ana 
ra3a), TorAa stot cnoco6 cnoco6cTByeT 
o6pa30BaHMio 6onbiunx noTOKOB 4acTHL4 n 
bwcokmx nnoTHOCTeCi cycneH3Hn, mto CBfi3aHO c 
B03HHKHOBeHneM npo6neM 3po3MM, HanpHMep, B 
Tennoo6MeHHHKax (5). 

M3BecTeH cnoco6 BbiAeneHHfl HcnapeHHbix 
KaTann3aTopoB H3 TexHonorH^ecKHX ra30B v\ 
M3BneMeHnn Tenna 3a cneT oxna>KAeHHfl noTOKa 
ra3a c noMouibio oxna)KAeHMfl noTOKa ra3a b 
CMecHTene xonoAHnbHHKa, npM stom nacTMLia 
KaTann3aTopa oxna>KflaioTCR ao TaKOM CTeneHH, 
HTo6bi mojkho 6bino AOCTHHb >KenaeMoro ypoBHfl 
TeMnepaTypbi, m c noMouibio BbiAeneHHfl sthx 
HacTMi4 M3 noTOKa ra3a h nocneAyioiAero nx 
oxna>KA,eHMfl b nHAHBHAyanbHOM oxnaAMTene c 
nceBAOo>Kn>KeHHbiM cnoeM nepeA MOMeHTOM 
B03BpaTa 3tmx HacTMLi b noTOKe ra3a. 

HeAocTaTKOM stom CHCTeMbi ABnfleTCfl to, 
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hto OHa npeflycMaTpwBaeT ucnonb30BaHne 
HecKonbKMX OAMHO^Hbix npoL4eccoB, Me>Kfly 
KOTopwMH npuxoflMTC^ MMeTb Aeno C 6onbUJHMM 
noTOKaivin TBepflbix HacTMi4 (6). 

l/l3BecTGH cnoco6 o6pa30BaHMfl m 
oxna>KAeHMfl cBo6oflHoro ot cepbi ra3a 3a CHeT 
nofla^n TexHononwecKMX ra30B b 
nceBAoo>KW>KeHHbiCi cnofi. no STOMy cnocooy 
TexHOJiornMecKMM ra3 noAaeTcs nwoo CBepxy, 
nn6o c6oKy b oxna)KfleHHbiPi nceBAoo>KH>KeHHbiii 
CJIOM, KOTOpbIM btophmho nceBAoo>KW>KaeTCfl 
oxna>KAeHHbiM v\ oHMineHHbiM TexHonori/mecKUM 
ra30M. PacnonoxeHMe TennonepeAawLAi/ix 
noBepxHOCTefi b nnoTHOM nceBAoo>Ki/i>KeHHOM 
croe o6bNHO CBfi3aHO c npo6;ieMaMM 6bicTporo 
M3Hoca m oneAOBaTenbHO, o npo6neMaMM pucKa 
b nnaHe 6e3onacHoc™ wcnonb3yeMoro 
o6opyflOBaHna. BBefleHne ra3a b nnoTHbitf 
nceBAoo>KM)KeHHbiM cnofi m Mcnonb30BaHne 
SToro ra3a a™ nceBAoo>Ki/i>KeHHfl 
npeAycMaTpuBaKJT o6fi3aTenbHoe 
ncnonb30BaHne cucTeMbi, Koropaa Moma 6bi 
nono>KMTeribHO cnpaBi/iTbcs c npo6neMoii OMeHb 
6onbiiinx noTepb AaBJieHHfl (7). 

Te npaKTHMecKi/ie o6nac™, b KOTopbix ns-sa 
HH3Kofi SBTeKTMHecKOM TeMnepaTypbi nacTHU,, a 
oneAOBaTenbHO, n H3-3a hi/i3kom TeMnepaTypbi 
CMeiuMBaHUfl npeAycMaTpuBaHDT o6a3aTenbHoe 
ncnonb30BaHne hm3khx TeMnepaTyp 
CMeiunBaHuq, mto i/iMeeT cbomm KOHeMHbiM 
pe3yribTaTOM o6pa30BaHne 6onbiuux 
nnoTHOCTefi noTOKa Maccbi, HanpuMep Bbinie 5 
ki7Hm 3 , mto Hen36e>KHO CBH3aH0 c 6orbiunMM 
noTepflMH AaBJieHMfi, Korapbie 
o6ycnaBni/iBa(OTCfl cneu,ncpHKOi/i caMofi 
cucTeMbi, a Taioxe c npo6neMaMH 3po3wu. 

Heo6xoAMMO TaKX<e o6paw,aTb BHUMaHne Ha 
tot cpaKT, mto b Tex o6nacTflx npaKTMHecKoro 
npuMeHeHna nflePi M3o6peTeHHfl, b KOTopbix 
M3 3a hm3kom 3BTeKTHMecKofi TeMnepaTypbi 
no KaKHM-jin6o hhhm npuHMHaM flon>KHa 
o6fl3aTenbHO noAflep>KHBaTbCfl HM3Kaa 
TeMnepaTypa CMewuBaHHfl, a c flpyrofi cTopoHbi, 
BbicoKan TeMnepaTypa TennonepeAaiomwx 
noBepxHOCTefi, KOHCTpyKL^nn Bcex 

npeAno>KeHHbix paHee ycTpowcTB UMeioT Te vmv\ 
MHbie HeAocTaTKH. flnuHa (= BbicoTa) 
TennonepeAaioiAeM noBepxHoc™ nerro w 
npocTO AQCTuraeT 20.50 m. BbicoKaa 

KOHCTpyKL^Ma BMeCTe C BblCOKOW njlOTHOCTbK) 

noTOKa Maccbi o6ycnaBiinBaeT HCKnioHHTenbHO 
6onbwoe 3Ha4eHne cpaKTy noTepw AaBneHwa b 

KaHeOTBe OAHOrO U3 OOHOBHblX KOHCTpyKTMBHblX 

HeAocTaTKOB, nocKonbKy noTepa AaBneHwa 
oyAeT nponopL^MOHanbHa, HanpuMep, BbicoTe 
Tennoo6MeHHMKa. 

OAHH M3 XOpOLUO H3BeCTHblX V\ UJWpOKO 

ncnonb3yeMbix cnocoooB oxna>KAeHMq 
TexHOJiornnecKnx ra30B npeAycMaTpuBaeT 
u.HpKynau.Hio oxna>KAeHHoro w OHwmeHHoro ra3a 
n era GMeiunBaHne o TexHonorn'-iecKUM ra30M 
nepeA MOMeHTOM Bxo>KAeHWfl b Tennoo6MeHHHK, 
4To6bi mo>kho 6bino AOCTMHb TeMnepaTypbi, 

AOCTaTOMHO HM3KOM A™ yCTpaHeHHB 

B03MO>KHoro npnfinnaHH3 nacTML^. OflHaKO 
L^wpKynflL(Hfi ra3a CBfi3aHa co cneAyK3ii(HMU 

TpeMfl OCHOBHbIMM HeflOCTaTKaMH! 

1. B 3aBMCHMOCTM ot TeMnepaTyp bo 

BnyCKHOM OTBepOTMM, OMeiUMBaHMfl V\ B 
BbinyCKHOM OTBepCTMM KOflUMeGTBO 

npeAHa3HaMeHHoro A^ia o6pa6oTKi/i ra3a ao^>kho 
6biTb b 1 ,4 5 pa3a 6onbiiie Konn'-iecTBa 
TexHonornHeoKoro ra3a. CneaoBaTenbHO, 
d npeAHa3HaneHHoro pf\n o6pa6oTKU 
3 napoBOM KOTJie m b o6opyAOBaHi/ii/i no 



OMMCTKe ra3a 6yAeT b 2,5 5 pa3 6onbiue 
KOJinnecTBa TexHonornnecKoro ra3a, 4to m Ha 

3TOT pa3 CBfl3aHO C 60JlbLUHMM KanMTanbHblMM 
BJ10>KeHMflMM H BblCOKMMM SKCTlJiyaTaL^HOHHblMH 

pacxoAaMM. 

2. B npoL(eooe oxna>KAeHnn ra3a nyTeM era 
CMeiunBaHna Tame KOMnoHeHTbi, KaK menoMM, 
TH>Kenbie MeTannbi m T.n. BbinapeHHbie b xoAe 
SToro npou,ecca n KOHAeHcupyioiAMe nnn 
cy6nnMnpyioiAMe b cucTeMe oxna>KAeHHfl, 
o6pa3yioT awm b bhas MCKni04HTenbH0 
TOHKOM3MenbHeHHbix 4aoTHL; noponiKa. Stot 
noponiKoo6pa3HbiM awm xapaKTepu3yeTca 
HannnneM 6onee HH3Kon TeMnepaTypbi 
cneKaHUfl no cpaBHeHnio c TeMnepaTypoPi 
oneKaHna 6onee KpynHbix nacTML^ toto >Ke 
MaTepuana, o MeM y>Ke ynoMMHanu Bbiiue. 
Bonee Toro, stot aum xapaKTepn3yeTcn jam.e 
Hani/iHi/ieM TeHAeHU.nn k npnrnnaHMio k 
TennonepeAaiomuM noBepxHOCTAM, o neM TaK>Ke 
ynoMHHarn Bbime. 

CneAOBaTeribHO, HTo6bi rapaHTHpoBaTb 
HopMaribHoe c£yHKi4i/ioHnpoBaHi/ie ycTpoMCTBa, 
Heo6xoflHMO 6yAeT ncnonb30BaTb aocTaTOHHO 
HMSKyio TeMnepaTypy CMeiiinBaHMH, t. e. 
AOOTaTOHHoe KonnneoTBO L4npKynnpyioiAera 
rasa. TexHunecKH oneHb TpyAHO ocymecTBHTb 
BbiAeneHne noponjKoo6pa3Hbix AbiMOB (o 
MenbMatiLiJUMM HacTnuaMU noponiKa) us 
6onbLunx noTOKOB ras. OneAOBaTenbHO, 
ncnonb30BaHne i4wpKyrnpyioiAero ra3a 03HaHaeT 
ncnonb30BaHne wcioiioHHTeribHO 
AoporocToamero o6opyAOBaHHfl. 

3. floBonbHO SHaHMTeribHoe yBennneHne 
KonnHecTBa LiupKynnpyioLiiero rasa, Koropoe 
Heo6xoAHMo ooyiAeoTBMTb Ha npaKTMKe no 
ynoMAHyTbiM Bbiiue npuHMHaM, 6yAeT b 6onbLueM 
CTeneHH noHM>KaTb napunanbHoe AaBneHne 
KOHAeHcnpyioiiiMX v\ cy6nnMnpyioiAHXCfl 
KOMnoHeHTOB. CneAOBaTenbHO, MTo6bi 
ocymecTBHTb KOHAeHcai4Mio n cy6nnMai4nio, 
Heo6xoAHMO, MTo6bi TeMnepaTypa 6bina Huxe 
Tofi, KOTopaa fiBnaeTCfl Heo6xoAMMOfi flna 
MaHMnynnpoBaHna o Hepa36aBneHHbiM nnn 
cna6o pa36aBneHHbiM ra30M. C flpyroi/i 

CTOpOHbl, 3TO HeM36e>KHO CBS3aHO 0 

Heo6xoAHMOCTbK> yBennneHUfl o6"beMa 
LiupKynnpyioLLiero ra3a. 

Cnoco6 pacnbineHna boan urn nponefi 
McnapwioiAetiofl >khakooth b noTOKe ra3a y>Ke 
ncnorib30Bancfl pfm oxna>KAeHHfi 
TexHonornnecKnx ra30B, a oneAOBaTenbHO, n 
Ann oxna>KAeHHfl ra3a nepeA momchtom ero 
noAa^n b Tennoo6MeHHHK pp TeMnepaTypbi, 
Korapafl 6yAeT AocTaTOHHO HM3Koi=i ppn 
noAaBneHUH TeHAeHU,nn npunnnaHnq 4acTuu k 
TennonepeAaioiAUM noBepxHOCTAM. Oah3ko 
STOMy cnoco6y npucyi^n HeAocTaTKM. B cny^ae 
ncnorib30BaHHfi boaw Mbi CTanKMBaeMCfl c 
TaKMMH cpaKTopaMM, KaK6onbiuoM pacxoA boah, 
AOBonbHO 3HaHHTenbHoe yBejinneHne 
npoueHTHoro ooAep>KaHns boa^hnx napoB b 
noTOKe ra3a, AOBonbHO 6onbiune n3MeHeHna b 
noTeHU,nane Ki/icnopoAa m HHTeHGMBHoe 
o6pa30BaHne AbiMa, hto b cboio onepeAb 

CB333HO C HeH30e>KHblM o6pa30BaHMeM 

noponiKoo6pa3Horo MaTepnana, KOTopbiii o^eHb 
TpyAHO noAAaeTcs pa3AeneHMio v\ BbiAeneHMio, 
o neivi y>Ke ynoMMHann Bbiiue. BnaroAapfl 
HannMnio noHMJKeHHoro ypoBHfl TeMnepaTypbi 
OTMeHaeTca AOBonbHO 3HaHHTeribHoe 
yMeHbiiieHne KonHHecTBa Tenna, KOTopoe mo>kho 
6yaeT M3BJie4b b ashhom ony^ae, hto 
co6cTBeHHO w o6-bflCHfleT, noneMy He o6paiAaioT 
BHMMaHne Ha npou,eco M3BneMeHnn Tenna. B 
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6onbLUMHCTBe cnynaeB pacnbineHne boaw 
ncnonb3yeTCfl jiniiib b KanecTBe cnocoGa 
oxna>KAeHMfl ra3a nepeA Mon/ieHTOM ero 
cpMnbTpa 4 MM. 

B XMMMMeCKOM npOMblLUflGHHOCTM HaCTb eCTb 
B03MO>KHOCTb paCTlbinflTb TaKyK) WUAKOCTb, 

KOTopaa 6yAeT HaxoAMTbcs b ra3e, a 3aTeM 
KOHAeHcupoBaTbca M3 ra3a b npoL4ecce era 
o6pa6oTKM. flpyrnMM cnoBaMU, MMeeTca b BMAy 
TexHonornHecKUM npouecc, b xoAe 
ocy la©ct Bfi e h n fi KOToporo mo>kho 6yAeT 
ncnonb30BaTb Tenno npo 4 ecca BbinapuBaHMfl. 
CaM npo 4 ecc oxna>KAeHMfl mjih nepeAaHM Tenna 
M3 npoL4ecca ocyiAecTBJifleTCfi b cucTewie 
KOHAeHcaLinn. 3a cneT pacnbineHMfl 
CKOHAeHonpoBaHHoro M3 ra3a KOMnoHeHTa 
mo>kho nerKO m npocTO peryjmpoBaTb ypoBeHb 
TeMnepaTypbi ra3a, HanpuMep, b npo 4 ecce 
ceneKTHBHoii KOHfleHcaL4WM unw cy6nnMai4nn 6e3 
npuBHeceHna b ra3 Kawx-nMoo nocTopoHHiix 
KOMnoH6HTOB b xoAe ocyiAecTBneHMfi sraro 
npo 4 ecca. KaK n npn pacnbineHMM boam, b 
nocneAHeM cnynae TaioKe nponcxoAMT 
MHTOHCMBHoe o6pa30BaHMe AblMa c 
coAep>KaHMeM cy6nnMnpy(oiAnx KOMnoHemoB. 

CyOnMMMpOBaHHblM AbIM MO>KHO BblAenMTb 

TonbKO 3a cneT cjDnnbTpai4HH n nymue Bcero c 
npuMeHeHneM aneicrpMHecKoro cfcMnbTpa. 

Bee CKa3aHHoe Bbiiue AaeT HaM AOBonbHO 
AeTann3npoBaHHyio KapTMHy fiBnem/iM, 

CBS13aHHblX C OXJia>KAeHHeM 

BbicoKOTeMnepaTypHbix TexHonorMHecKMX rasoB 
n c nocneAyioiAMMM npooneMaMM 3acopeHMH 
Ten/ioo6MeHHi/iKOB, a 3tm npooneMbi b cbokd 
OMepeAb OKa3biBaioT OTpuL(aTejibHoe BnnflHue 
Ha caM npo 4 ecc oxr\a>Kp,emn raza, Ha 
3KOHOMMHecKnfi acneKT npo 4 ecca M3BneHeHMfl 
Tenna n Ha acpcpeKTMBHOCTb ohuctkm ra3a, 
npuneM, nocneAHMM cpaKTop MMeeT 6onbwoe 
3HaHeHne KaK ppn SKOHOMMHecKoro acneiaa 
npo 4 ecca o6pa6oTKM, TaK KaK m pf\n acneKTOB 
npo6neMbi ooxpaHeHua KanecTBa OKpywaiomeM 
cpeflbi. 

TaKUM o6pa30M, Bbiwe KpaTKO 6binu 
oxapaKTepn30BaHbi MHorne ya<e M3BecTHbie 

CnOC06bl H HX OCHOBHbie HeflOCTaTKM. 

l4enbK) M3o6peTeHHfl SBnaeTca co3AaHne 
npocToro w acpcfceKTMBHoro cnoco6a: 

oxjia?KASHMe ra30B BbicoKOTeMnepaTypHbix 
TexHOJiornnecKnx npoueccoB, Hbu ra3bi 
coAep>KaT McnapeHHbie, pacnnaBneHHbie n-nnn 
TBepAbie KOMnoHeHTbi; 

pereHepai4nn Tenna Han6onee 

scpcpeKTMBHbiM o6pa30M, HanpMMep, b bhas 
napa BbicoKoro n HM3Koro AaBneHMM n t.a.hjim b 
pe3yribTaTe HarpeBaHna nopoujKoo6pa3Horo 
MaTepnana, KoropbiPi AonweH BBOAMTboa b 
TexHonornHecKMM npo 4 ecc, nnn b pe3yribTaTe 
ocyLAecTBneHUfi TennoBoPi mjih XMMMHecKOM 
o6pa6oTKH nopoLUKOo6pa3Horo MaTepnana, 
HanpMMep mcxoahoto MaTepnana 

TexHonornHecKoro npo 4 ecca, 3a cneT 
ncnonb30BaHHfl Tenna caivioro 
TexHonoranecKoro ra3a, 

OHUCTKM ra30B 3a CHeT BBeAeHMfl K 
MMHMMyMy B03M0>KH0CTM 06pa30BaHMH AblMOB 

M3 T0HK0H3MenbneHHbix nopoiuKoo6pa3Hbix 
HacTi/114 n 3a cneT nomoiAeHMfl AtiMOB, Kanenb 
pacnnaBa m nacTuu, M3 npeAHa3HaneHHbix Ann 
oxna>KAeHMfl ra30B, a TaioKe 3a cneT CBeAeHna k 

MMHMMyMy B03MCBKHOCTM npOTeKaHMfl 

He>KenaTenbHbix XMMMHecKMX m npoHMX peaKi^MM 
b pe3ynbTaTe oxna>KAeHMfl ra30B c AOCTaTOHHO 

BblCOKOM CKOpOCTbK) Ha BCeM npOTfl>KeHMM 

wenaeMoro flnana30Ha TeMnepaTyp, iahia 



ocyiAecTBneHMn HeKOTopbix npoHMX 
>KenaeMbix peaKL^MM MnM ABneHMM, HanpMMep, 

XMMMHeCKOM peaKL^MM, KOTOpa^ npOMCXOAMT npM 
K3KOpi-TO KOHKpeTHOM TeMnepaType, KOHKpeTHOM 

nnoTHOCTM cycneH3MM unM b TeneHMe 
onpefleneHHoro nepnofla BpeMeHM. 

Bee nepeHMcneHHbie Bbiiue anbTepHaTMBbi 

OSblHHO HeB03MO>KHO OCyiAeCTBMTb B K3K0M-T0 

oahom o6nacTM npaKTMHecKoro npMMeHeHMS 

M306peTeHMfl. 

Cnoco6 no M3o6peTeHMio OTnMHaeTcs TeM, 
hto npeAHa3HaneHHbiM Ana o6pa6oTKM ra3 
MO>KeT nn6o OAHOBpeMeHHO, nM6o nepe3 
KopoTKMe npoMexyTKM BpeMeHM CMeniMBaTbca 

K3K C TBepAbIMM HaCTML^aMM M ra30M, T3K M/MnM 

c XMAKOCTbio, McnapaioiAeMCfl npn TeMnepaType 
CMeojMBaHMfl, a TaK>Ke TeM, hto no MeHbiueM 
Mepe, oamh M3 npeAHa3HaneHHbix aha 
CMemMBaHMfl c rasoM KOMnoHeHTOB TBepAbie 
nacTMi^bi MnM ra3 6yAeT xonoAHee 
npeAHa3HaH6HHoro Ann o6pa6oTKM ra3a. 

YcTpoMCTBO Ana o6pa6oTKM ra3a 
TexHonorMHecKMX ra30B no M3o6peTeHMio 
OTnMHaeTCfl TeM, hto oho BKmonaeT b ce6fl 
CMecMTenbHyio KaMepy, ycTaHOBneHHyio b 
peaKTope, npMHeM 3Ta KaMepa MMeeT 
CKOLueHHoe Ha KOHyc no HanpaBneHMio bhm3 
KOHycoo6pa3Hoe aho c no MeHbiueM Mepe 

OAHMM BnyCKHblM OTBepCTMeM B HM>KHeM K0H 4 e 

KOHycoo6pa3Horo Ana m b HenocpeACTBeHHOM 

6nM30CTM OT 3TOM HM>KHeM H3CTM 

KOHycoo6pa3Horo AHa, npuneM ynoMAHyToe 
OTBepcTMe npeAHa3HaneH0 Ana ra3a, KorapbiM 
AonweH OMeiiiMBaTbCfi c TexHonormecKMM ra30M 
MnM a™ BbinapMBaHMfi >kmakoctm, a TaKwe TeM, 

HTO B CTeHKe MnM B KOHyC006pa3HOM AHe 

CMecMTenbHOM KaMepbi pacnonaraeTCfi, no 
MeHbLueM Mepe, OAHa BnycKHaa Tpy6Ka Ann 

TBepAblX HaCTMA 

B cooTBeTCTBMM co cnocoSoM no 
M3o6peTeHMio cMeiUMBaHMe TexHonorMHecKoro 
ra3a c ra30M m TBepAbiMM nacTMi^aMM nyniue 
Bcero ocyiAecTBnflTb c TaKMM pacneTOM, HTo6bi 
TexHonorMHecKMM ra3 oxna>KAancfi b 
CMecMTenbHOM KaMepe ot TeMnepaTypbi bo 
BnycKHOM oTBepcTMM ao xenaeMOM 
TeMnepaTypbi CMeiiiMBaHMS c BbicoKofi ckopocth, 
o6biHHO co CKopocTbio 10 3 10 5o C/c MnM Aa>i?e 
6bicTpee, 6naroAapw neMy oxna>KAeHMe ao 
TeMnepaTypbi CMeiuMBaHMn 6yAeT HanoMMHaTb 
npoL(ecc raiueHMfl. 

flpyrMMM cnoBaMM, npou,ecc oxnax<AeHMfl ot 
TeMnepaTypbi bo BnycKHOM OTBepcTMM ao 
TeMnepaTypbi CMeujMBaHMfl ocyLAecmnfieTCfl 
HacTonbKO 6bicTpo, hto npocTO He ocTaeTcn 
BpeMeHM Ha B03HMKHOBeHMe m npoTeKaHMe 

peaKL(MM. B npMCyTCTBMM TBepAblX HaCTML^ 

npoL(eccbi KOHAeHcai4MM m cy6nMMaL4MM 
npoMcxoAflT Ha noBepxHOCTM TBepAbix nacTMi^ 
HepaBHOMepHO, hto m 6yAeT MCKmonaTb 

B03MO>KHOCTb 06pa30BaHMS1 AblMa, KOTOpbIM 

o6biHHO o6pa3yeTcsi 6naroAapn OAHopoAHOMy 



TeMnepaTypy CMeniMBaHMfl peKOMeHAyeTcn 

Bbl6MpaTb C T3KMM paCHeTOM, HT06bl 

npeAHa3HaneHHbie ppa BbiAeneHMa M3 ra3a 
KOMnoHeHTbi m KannM pacnnaBa 
(cy6nnMnpoBaHHbie/KOHAeHcnpoBaHHbie) Mornn 
OTBepjKAaTbca , a TBepAbie nacTML^bi, KOTopbie, 
BepofiTHO, Mornn 6bi cneKaTbcn, MornM 6bi 
oxna>KAaTbCfl HM>Ke TeMnepaTypbi, npM kotopom 
HaHMHaeTcn cneKaHMe m hto6n b OTcyTCTBMM 
KMHeTMHecKMX cnyHaMHOCTeM MCKnioHanacb 
B03MO>KHOCTb npoTeKaHMS He>KenaTenbHbix 
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peaKL^HM, KOTOpbie 06bHH0 

Bbi3biBaK)TCfi n3MeHeHneM TeMnepaTypbi, n 
4To6bi >KenaeMbie peaKL^nn npowcxoflnnw b 
onaronpMHTHOM b KMHeTMHecKOM njiaHe 
TeMnepaTypHOM flnana30He. 

Cnocoo" no n3o6peTeHMK3 peKOMeHflyeTCfi 
ocyLnecTBn^Tb tskum o6pa30M, mo6bi CMecb 
TexHonornHecKoro ra3a oxna>Kflanacb flo 
TeMnepaTypbi CMewMBaHMfl, a noTOKOTBepflbix 
4acTHL( oyfleT nn6o: 

a) npoflon>KaTb oxna>KAaTbCfl flo xenaeMofi 
TeMnepaTypbi, HanpnMep, b Tennoo6MeHHMKe 
nnn b pe3yribTaTe CMeniMBaHMH c xonoflHbiM 
ra30M, nn6o b pe3yiibTaTe pacnbineHMfi 
>KHflKOCTM, KOTopan 6yfleT ncnapflTbcn; 

TBepflbie 4acTHL^bi oyayT BbiflenfiTbCfi M3 
ra3a cooTBeTCTByioi^MM o6pa30M, nocne Mero 
cooTBeTCTByioi^ee nx Koni/iHecTBO 6yfleT 
B03BpaL4aTbcs b CMecMTeribHyK) KaMepy, rfle 
ohm 6yAyT CMeniMBaTbCfl c BxoflfliflMM n 



a noTOK ra3a 6yfleT npoxoflHTb k cneflytoLflMM 
3TanaM TexHonorwHecKoro npc^ecca, HanpnMep, 
k 3Tany nocneflyioLMeM ohmctkm, nocneflyioLflero 
oxna>KfleHMfl, KOHAeHCMpoBaHun u T.fl. 

a nocne cooTBeTCTByioiAero STana 

B03BpaL4aTboa (b cpopMe ra3a mjim >khakoctm) b 
CMecMTeribHyK) KaMepy, rfle OHa 6yAeT 

6) TBepAbie 4ac™u,bi 6yAyT BbiflenaTbca M3 
noTOKa ra3a npn TeMnepaType CMewMBaHMfl 
cooTBeTCTByioiyuM o6pa30M, Hanpniviep, c 
noMoi^bio L^HKnoHa, cpwnbTpa unu 
sneKTpuMecKoro cpMnbTpa n stm TBepflbie 
4acTHL(bi 6yAyT B03Bpaw,aTbCfl nu6o 
HenocpeflCTBeHHO, nu6o nepe3 noTeHU,nanbHbiM 
npoMexyTOHHbiM xonoflnribHMK b CMecuTenbHyio 
KaMepy, rfle ohm 6yflyT CMeujMBaTbca c noTOKOM 
Bxoflflii^ero ra3a, 

m stot noTOK ra3a 6yfleT npoxoflMTb k 
cneflyioinnM STanaM npou,ecca o6pa6oTKu, 
HanpnMep, k 3Tany nocneflyioifleM hmctkm, 
nocneflyioinero oxna>KfleHns, KOHfleHCMpoBaHna 
n t, fl, nocne 3aBepiueHHfl cooTBeTCTByioiflero 
STana o6pa6oTKM MacTb noTOKa ra3a bo3mo>kho 
^0 GyfleT B03BpamaTbca (b BMfle ra3a nnn 
>KHflKOCTu) b CMecnTenbHyro KaMepy, rfle OHa 

C 6yfleT CMeLiJMBaTbCfl C BXOflfllflMM nOTOKOM 

TexHonornMecKoro ra3a. CyiflecTBeHHbiM 
npn3HaKOM 3Toro cnocooa HBnaeTCfl to, hto 

KJ nponopu,nio noTOKa TBepflbix nacTMU, k noTOKy 
ra3a (06a stmx noTOKa Mcnonb3yioTCfl flna 

O flocTM>KeHMfi TeMnepaTypbi CMemnBaHna n no 
MeHbiueCi Mepe, oahmm H3 stmx noTOKOB OyfleT 
xonoflHee axoflfliflero TexHonornnecKoro ra3a) 

QO MO>KHO Bbl6paTb C T3KMM paCHeTOM, HTOGbl 

flo6nTbcs o6pa30BaHMS onTMManbHbix ycnoBMM, 

npn KOTOpblX) 

c oahom CTopoHbi, oyfleT CBefleHO k 
MMHMMyMy o6pa30BaHne flbiMa, T.e, noTOK 

q TBepflbix MacTnu 6yfleT oonaflaTb nnoTHOCTbio, 
AOCTaTOHHOM Ann ycneiuHoro 
cpyHKU,MOHnpoBaHHfi b Ka^ecTBe cpeACTBa 
o6pa30BaHHfl HeoflHopoflHoro flflpa, k 

O noBepxHOCTn Koraporo 6yflyT "npnpacTaTb" 
t cy6nnMnpyioiAMe n KOHfleHCMpyioiflMe 
KOMnoHeHTbi, Ha noBepxHOCTH Koraporo GyflyT 
a6cop6npoBaTbcn nacTni4bi AbiMa, a Kannn 
pacnnaBa 6yflyT npun^naTb v\ OTBep>KAaTbCfl; 

a c Apyrofi CTopoHbi, nnoTHOCTb 
o6pa30Bam-iofi cycneH3nn 6yfleT MUHMManbHoPi, 
6naroflapa MeMy 6yflyT CBeAeHbi k MMHMMyMy 
Mnn Boo6i^e ycTpaHeHbi TaKne OTpnL(aTenbHbie 
m BpeflHbie ABneHMfl, KaK 6onbUJMe notepM 



AaBneHun, Kone6aHMfl flaBneHMn, M3Hoc, 
3aMeflneHHbie TeMnbi perynnpoBaHMW h T.fl. 

B 3aBMCMMOCTM OT KOHKpeTHOM CMTyai^MM 

6yflyT CTaHOBMTbCfi 6onee Ba>KHoCi Ta v\nv\ MHaa 
cneu,ncpMHecKaa oco6eHHOCTb M3o6peTeHMn. 
HanpnMep, earn nepBHHHoe 3HaHeHwe OTflaeTcn 
npo6neMe pereHepaL^nu Tenna, rarfla 
ecTecTBeHHO Heo6xoflMMO b nepByio onepeflb 
flo6MTbcq cymecTBOBaHMS MaKCMManbHOM 
BbicoKOM TeMnepaTypbi b npeflenax flonycKHOM 
KOHKpeTHOM onepaL(MM, b npouecce kotopom 
ocHOBHoe BHMMaHMe yflenaeTCfl cpyHKi^MM 
nepeflaMM Tenna. C flpyrow CTopoHbi, 
Heo6xoflMMO Bbi6paTb TaKyio nnoTHOCTb 
cycneHsnn, kotopom 6yfleT BnonHe flocTaTO^HO 
Ann rapaHTMpoBaHMfl scpcpeKTMBHoro 
nornoifleHun OTBep>KflaioiflMX pacnnaBOB, awmob 

M KOHfleHCMpyiOlflMXCfl KOMnOHeHTOB m Ann 

CBefleHMfl k MMHMMyMy Bcex pacxoflOB no HMCTKe 
ra3a. KpoMe Toro, KonMHecTBO m TeMnepaTypa 
bo BnycKHOM OTBepcTnn flnfl L^MpKynnpyioL4ero 
ra3a OKa3biBaioT BnMflHMe Ha o6iflee KonMHecTBO 
npoxoflniflero Hepes TennonepeflaioiflMe 
noBepxHOCTM ra3a, Ha nnoTHOCTb n CKopocTb 
noTOKa cycneHSMM m nocpeflCTBOM stoto Ha 
o6iflyio scpcpeKTMBHOCTb nepeflaHM Tenna, a 
TaK>Ke Ha o6myio nnoniaflb m OTHOiueHMe 
nonepeHHoro ceneHMfi k AfiMHe 
TennonepeflaioLfleM noBepxHOCTM, a Bee 3to b 

cpaKTopoM, KorapbiM OKasbiBaeT 6onbLuoe 

BnMflHMe KaK Ha KOHCTpyKUMIO yCTpOMCTBa, TaK M 

Ha noTepw flaBneHMn, o neM y>Ke 6bino CKa3aHO 

BblLiie. 

B cnei4MQbMHecKMX cnyHanx flnn 
o6pa30BaHM3 acpcpeKTa oxna>KfleHM3 mo>kho 
McnonbsoBaTb >kmakoctm, coflep>KaLHMe 
pacTBopeHHbie coriM m T.fl. B stom nocneflHeM 
cnynae xota h nponcxoflUT ncnapeHne whakoctm 
b ra3e, oflHaKO pacTBopeHHbie b xmakoctm 
coeflMHeHMfi MoryT oflHOBpeMeHHO 
aflcop6MpoBaTbca b L^MpKynMpyioiflMxcfl 
nacTML^ax m TeM caMNM He flonycKaeTCH 
o6pa30BaHMe stmmm nacTMi^aMM 

nopoiiiKoo6pa3Horo MaTepMana b BMfle 

T0HK0M3MenbHeHHblX HaCTML^, KOTOpbIM OMeHb 

TpyAHO BbiAenMTb. 

CneAOBaTenbHO, Ha co3flaHMe onTMManbHOM 

KOHCTpyKL^MM yCTpOMCTBa OKa3blBaiOT BnMSHMe 

MHorMe cpaKTopw, TaK hto npaKTMHecKM 
HeB03MO>KHO BbiBecTM KaKoe-TO yHMBepcanbHoe 
ypaBHeHMe ppn pacneTa Tararo ycTpoMCTBa. 
OnTMManbHyio KOHCTpyKi4Mio ycTpoMCTBa mo>kho 

H3MTM TOnbKO Ha OCHOBe y>Ke M3BeCTHblX 

ycnoBMM m napaMeTpoB TexHonorMHecKoro 
npouecca o6pa6oTKM ra3a. CymecTBeHHbiM 
npM3HaKOM HacToniflero M3o6peTeHMfl HBnneTCfl 
ero rM6K0CTb npM o6pa30BaHMM onTMManbHOM 

KOHCTpyKUMM yCTpOMCTBa Ha OCHOBe 

SKCTeHCMBHbix ycnoBMM. 

KpoMe Toro, cnoco6 no M3o6peTeHMio 
OTnMMaeTca CBoeM cnoco6HOCTbio perynnpoBaTb 
noTOK TexHonorMHecKoro ra3a. HanpMMep, 
ncnonb30BaHMe u,Mpi<ynMpyioiflero ra3a flaeT 

B03MO)KHOCTb B CnyMae Heo6XOflMMOCTM 

ocTaBnflTb TBepflbie 4acTML4bi m L4npKynMpyi0Li4eM 
coctoahmm Aa>Ke ecnM npeAHa3HaHeHHbiM Anfl 
oxna>KfleHM5i noTOK TexHonorimecKoro ra3a 
6yAeT npeKpaiflaTb CBoe ABM>KeHMe. 3a cneT 
SToro ycTpaHsieTCfi pmck yTeHKM TBepflbix nacTMi^ 
3a npeflenbi xonoflMnbHMKa. 

Ha cpMr. 1 flaHa ycTaHOBKa flna oxna>KfleHMfi 
TexHonoranecKoro ra3a n pereHepaL^wn Tenna H3 
SToro ra3a; Ha cpMr. 2 ycTaHOBKa, b kotopom 
L^MpKynnpyioLL^MM ra3 noflaeTCfl Hepe3 
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BHyTpeHHMM oxnaflHTenb; Ha cjDnr. 3 ycTaHOBKa 
Ana ceneKTMBHoro BbiAeneHMfl Mn-xnopMAa m 
Fe-xnopufla M3 ra3a xnopMpoBaHMs; Ha cpur. 4 
ycTaHOBKa c npeflBapnTenbHbiM HarpeBOM 
noponjKoo6pa3Horo noxoflHoro MaTepwana; Ha 
cfjur. 5 BepTHKajibHbiM bma b pa3pe3e HM>KHeM 
Hac™ ydpoMCTBa ppn peanu3aL^nu cnoco6a; Ha 
cpMr. 6 pa3pe3 no A A Ha cpnr. 5; Ha cpMr. 7 - 
ycTpoCicTBO co BnycKHbiM OTBepcTneM Ann 
TexHonorwHecKoro ra3a b BepxHei* nacTH 
peaKTopa. 

TexHonorMHecKMM ra3 1 noAaeTca b peaKTop 
2 Hepe3 BnycKHoe OTBepcTue 3, pacnono>KeHHoe 
b HH>KHei* nacTM 4 peaKTopa. B Hi/WHePi nac™ 
peaiaopa pacnonaraeTcn CMecMTenbHan Kawiepa 
5, b aohhom KOHycoo6pa3Hoto Mac™ 6 
o6pa30BaHO OTBepcTue 7, Koropoe 
pacnono>KeHO Ha HeKOTopoM paccTOfiHMM ot 
HUXHeii nacTM peaKTopa. Hmwhhh 4acTb 
peaKTopa m flOHHaa nacTb CMecmejibHoii 
KaMepbi o6pa3yioT Me>Kfly co6om B03flyiiiHy(o 
Kopo6Ky 8, b KOTopyio noAaeTCfl oxna>KAeHHbiM 
L^upKynnpyioiAMM ra3 9. B BepxHeiS HacTM 
peaKTopa pacnonoweH Tennoo6MeHHMK 10. 
riocne BbixoAa H3 TennooGMeHHi/iKa noraK ra3a 
11 nonaAaeT b nepBbiM L^KnoHHbiti cenaparop 

12, b KorapoM M3 ra3a 6yAyT BbiAenaTbCfl 
TBepAbie 4acTnu,bi. 

no MeHbiueR Mepe KaKaa-TO nacTb 
BbifleneHHbix b nepBOM l^mkjiohhom cenaparope 
TBepAbix HacTHL( B03BpanaeTCfl b 
CMecMTenbHyio KaMepy Mepe3 Tpy6Ky B03BpaTa 

13. TBepAbie nacTML^bi npoxoflflT bhm3 BAonb 

HaKTOHHOM nOBepXHOCTM HM>KHeM Mac™ Tpy6bi 

B03BpaTa no HanpaBneHMio k OTBepcTMK) 7, b 
KorapoM BOTpenaioTCfi TexHonoiwecKMfl ra3, 
oxna>KAeHHbi« ra3 m BpamaeMbie TBepflbie 
HacTHL(bi. Ta3 14, Koropbifi ywe npowen 
nacTHHHyio OHMCTKy b nepBOM cenapaTope, 
HanpaBnaeTCfl b Apyrofi u,MKnoHHbiM cenaparop 
15. 4acTb noTOKa 16, KOTopbM yx<e npoiuen 3Tan 
ohmctkm bo BropoM cenapaTope, HanpaBnaeTCfl 
b B03flyiiiHyK) Kopo6Ky 8 peaKTopa. MMeeTca 

TaOO B03MO>KHOCTb HanpaBJiaTb HOBbie 

TBepAbie HacTMi^bi b CMecHTenbHyio KaMepy 
nepe3 Tpy6Ky 17. 

ripniviep 1 . ripenMymecTBa LiupKynnpyKiinera 
ra3a oco6eHHO 3aMeTHbi b Haxoflamwxca noA 
AaBneHneM cncTeiviax. llpuBOAMMbie Hn«e 
AaHHbie OTHOcnTC3 k y>Ke ynoMMHaioineMycfl 
ra3oreHepaTopy c pacnnaBneHHOM conbio, npn 
stom AonycKaioTca cneAyiomne pa6onne 
ycnoBHH 3Toro ra3oreHepaTopa: 

flaBneHne 10 6ap 

TeMnepaTypa Ha BnycKe TexHonornHecKoro 
ra3a 1 000°C 

TeMnepaTypa CMeiunBaHMn nepeA 
TennonepeflaioiuMMM noBepxHOCTSMH 600 °C 

TeMnepaTypa b BbinycKHOM OTBepcTMM 
nocne TennonepeAaioLUHX noBepxHOCTePi - 
300 °C 

TeMnepaTypa HacbimeHHoro napa 280°C 

CpeAHMM HOMMHanbHblM TennoBou scpcpeKT 
rasa 1000_^600°C 1 ,6 #</Mm 3 / 0 C 

CpeAHMfi HOMMHanbHblM TennoBOM scpcpeKT 
L4npKynnpyi0Li4nx TBepflbix nacTHL4 0,8 Kfl>K/Kr/ 0 C 

TeMnepaTypa bo BnycKHOM OTBepcTMM Afifl 
L^MpKynMpyfoiAero ra3a 300°C 

CpeAHMM HOMMHanbHblM TennoBOM scpcpeKT 
L^MpKynMpyioiAero ra3a 300 -^600°C 

Kfl>K/HM 3 /°C 

B cnynae Mcnonb30BaHMfl b KanecTBe 
nepeMeHHOM OTHOCMTenbHoro ocrbeMa 
LiMpKynMpyioinero ra3a nonynaeM cneAyioiuMe 



a (Ta6n. 1). 

flaHHbie npMBeAeHHOM Bbime Ta6riML4bi 
yKa3biBai0T Ha to, hto Aa>Ke He6onbinoe TaKoe 
KonMHecTBO L^upKynMpyioiAero ra3a, KaK 75% 

AaeT B03MO>KHOCTb nOHM3MTb Ha 50% 

noTpe6HOCTM b i^MpKynMpyioLAMX nacTML^ax, 
6naroflapfi HeMy nnoTHOCTb cycneH3MM 6yAeT 
yMeHbiuaTbCfl noHTM Ha TpeTb. I1pi/i 100% 
□.MpKynMpyioinero ra3a, 4to Bee eu^e CHMTaeTCfi 
BnonHe peanbHbiM, MMeeTca B03MO>KHOCTb 
yMeHbLUMTb L(MpKynau,Mio HaCTMU, ao TpeTbeM, a 
nnoTHOCTb cycneH3MM ao njecTOM 
nepBOHananbHbix u,Mcpp 6e3 L^MpKynMpyioi^ero 
ra3a. 

riDM nnoTHOCTM cycneH3MM ot 1 ao 5 
kt/m 3 BnonHe peanbHO AOCTM>KeHMe cpeAHeM 
nnoTHOCTM MacTML; pa3MepoM npMMepHO b 10 
Kr/M 3 m Aa>Ke Bbiiue, Hero o6bNHO 6yAeT BnonHe 
AocTaroMHO Ann A0CTM>KeHMn ynoMflHyraro 
Bbime KenaTenbHoro cpeHOMeHa, T.e. ncKnioHHTb 

BepOflTHOCTb 06pa30BaHMfl flblMa M 

a6cop6npoBaTb y>Ke o6pa30BaHHbie 
MenbMaMiiJMe HacTMU,bi. 3a cneT perynMpoBaHMfl 
KonnHecTBa L^upKynMpyiomero ra3a m 
nopoiiiKoo6pa3Horo MaTepMana (b BMAe 
MenbMaMiiJMX MacTMU,) mo>kho 6yAeT 
OTHOCMTenbHO nerra m npocro cosflaTb TaKMe 
KOHKpeTHbie onTMManbHbie ycnoBMfl, Koropwe, c 

OAHOM CTOpOHbl, 6yAyT CnOCOCJCTBOBaTb 
CBeAeHMIO K MMHMMyMy BepO^THOCTM 

o6pa30BaHMfl AbiMa, a c APyroM cropoHbi, 6yAyT 

TaK)Ke CnOC06CTBOBaTb MMHMMH3ai4WH nnOTHOCTH 

cycneH3MM m noTOKa LiMpKynnpyioiAMX nacTMi^ co 

BC6MH WX OTpWI4aT6nbHblMM nOCneflCTBUHMW. 

npMMep 2. B npMBeAeHHOM Bbiwe npMMepe 
TeMnepaTypa bo BnycKHOM OTBepcTMM pjv\ rasa 
b 1000°C Bee eu^e paccMaTpMBaeTca, KaK 
cnMUJKOM HH3Kan. B CBH3M c npo6neMOM 
o6pa30BaHMfi h noflflep>KaHMn noBbiiueHHoro 
AaBneHUfl oco6yio Ba>KHOCTb npno6peTaioT 
ycnoBMfi L\npKyriMpyK)iAero ra3a. TaK, HanpMMep, 
b 6onbiuMHCTBe o6nacTeM npoMbiiuneHHOCTM, 
HenocpeACTBeHHO CBfl3aHHbix c nnaBneHneM 
cynbcpMAHbix KOHii,eHTpaTOB, TeMnepaTypa bo 
BnycKHOM OTBepcTMM Anfl ra3a Kone6neTcw ot 
1200 ao 1400°C, a npMeMneMaa TeMnepaTypa 
CMewMBaHMfl ot 500 ao 700 °C. EcnM MMeeM 
Aeno c bhcokom HOMMHanbHOM TeMnepaTypoM 
ra3a, TorAa ycnoBMfl LiMpKynMpyiomero ra3a 
MoryT MMeTb 6onbLuoe 3HaneHMe m atis CMCTeM 
noHM>KeHHoro flaBneHMSi, hto MnniocTpMpyioT 
npMBOAMMbie HM>Ke AaHHbie, a T3K>Ke AaHHbie 
Ta6n. 2: 

flaBneHne 1 6ap 

TeMnepaTypa bo BnycKHOM OTBepcTMM pjm 
TexHonornnecKoro ra3a 1300°C 

TeMnepaTypa CMeniMBaHMfl nepefl 
TennonepeflaioLi4HMM noBepxHOCTRMH 600 °C 

TeMnepaTypa b BbinycKHOM OTBepcTMM 
nocne TennonepeflaioLi(nx noBepxHOCTeti 350°C 

TeMnepaTypa HacbimeHHoro napa 280°C 

CpeAHMM HOMMHanbHblM TennoBOM scpcpeKT 
ra3a b A^ana30He 1300 _^700°C 1,9 

KflWHM 3/OQ 

CpeAHMM HOMMHanbHblM TennoBOM scpcpeKT 
UMpKynnpyioinMX nacTHL4 0,9 Kfl>x/Kr/ 0 C 

TeMnepaTypa bo BnycKHOM OTBepcTMM a™ 
LiMpKynMpyioiAero ra3a 350°C 

CpeAHMM HOMMHanbHblM TennoBOM scpcpeKT 
UMpKynnpyioinero ra3a b Anana30He 
350 _^700°C 1 ,6 Kfl>K/HM 3 / 0 C 

CneAOBaTenbHO, 3a cneT Mcnonb30BaHMn 
i^MpKynMpyiomero ra3a i4MpKynaL(Mio nacTMi^ 
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mo>kho nerKO n npodo yMeHbWHTb HanonoBMHy 
n flocTMMb ypoBHeM njioTHOGTM cycneH3nfi, 
KOTopbie 6yflyT npuMepHO paBHbi cyMMe 
3MMCGMM H3 TexHonorHHecKoro npoL^ecca, 
KOTopaa b cnyHaax.noAooHbix onucaHHOMy, 
oobMHO KoneoneTca ot 0,1 flo 0,5 kt/Hm 3 . 
nnoTHOCTb cyoneH3HM HH>Ke 1 Kr/HM 3 BefleT 
cetw noHTn tohho TaK >Ke, KaK h noTOK ra3a, 
4T0 3Ha4MTeiibHO o6nerHaeT npo6neMbi 
co3flaHnn cooTBeTCTByioinero o6opyflOBaHM5i. 

Ha cpwr. 2 noKa3aHa cuoreMa fjnn 
i4npKynnpyK)Lnero ra3a, b Korapoti oxna>KfleHMe 
ra3a nponcxoAMT nocne BbiAeneHna TBepflbix 
■-iacTHL(, T.e. y>Ke OHHLAeHHoro ra3a. B flaHHOM 
cnynae cnoco6 no H3o6peTeHwo wcnonb3yeTCfl 
Ana BbifleneHua BbinapeHHbix LMenoHefi 
i^eMeHTHbix neneR 1/13 OTXoflsnnero ra3a, 
HopManbHoe Bbino/iHeHne stom onepaL^H 

flOJlXHO OCymeCTBJlflTbCH npH HM3KOfi 

TeMnepaType CMeuiHBaHHfl. 

Our. 2 OTJiMMaeTca ot cpi/ir. 1 ranbKO TeM, 
4to L^upKyjiMpyioinnM ra3 9 noflaeTcn Mepea 
BHyTpeHHMM oxnaA^Tenb 18 n ranbKO nocne 
SToro ra3 noflaerefi b B03AywHy(o Kopo6Ky 8 
peaKTopa 2. 

npuMep 3. B 3tom npMMepe 
paccn/iaTpMBaeTCfl BnnaHne L(wpKynMpy(OLi4ero 
ra3a Ha acpcpeKTMBHOCTb ommctkh menoMHoro 
6a£inacHoro ra3a i^eMeHTHOM nemi, a Tara<e Ha 
scpcpeKTMBHOCTb pereHepaL^M Tenna. 

CM.flaHHbie, npwBefleHHbie hm>ks h b Ta6n. 3. 

flaBneHne 1 6ap/a6conK>THoe) 

TeMnepaTypa bo BnycKHOM OTBepoTnn pfw 
TexHonorwHecKoro ra3a 1050°C 

TeMnepaTypa CMeiuMBaHMn nepefl 
TennonepeflawniMMH noBepxHocTAMU 350 °C 

TeMnepaTypa b BbinycKHOM OTBepcTMM 
nocne TennonepeAaioi^MX noBepxHOCTetf - 
250 °C 

TeMnepaTypa Hacbiiu,eHHoro napa 180°C 

CpeflHuM HOMMHanbHbiti TennoBotf scpcpeKT b 
flnana30He 1050__^350°C 1 ,8 ^jr/kh^C 

CpeflHMfi HOMMHanbHbiR TennoBow scpcpeKT 
i4npKynnpyK)U4nx nacTHi4 0,9 Kflx</Ki7 0 C 

TeMnepaTypa bo BnycKHOM OTBepcTnn ppn 
L^upKynnpyramero ra3a nocne npoxoKfleHun 
BHyTpeHHero oxnaflHTenn I 150°C 

CpeflHMti HOMUHanbHbiPi TennoBoii scpcpeKT 
L4npKynnpy(oinero ra3a b flnana30He 
250 __^350°C 1 ,5 Kfl)K/HM 3 / 0 C 

3a c-ieT ncnonb30BaHua i^upKynnpyKiii^ero 
ra3a, KorapbiPi b ashhom cnynae nrnub 
noABeprcs BHyTpeHHeMy oxnajKAeHMK), mo>kho 
nerra n npocTO yMeHbWHTb nnoTHOCTb 
cycneH3nn ao TaKoro ypoBHS, npn kotopom 
CTaHeT bo3mo>kho ycTpaHMTb noTepi/i AasneHMfl 
n npoHne npo6neMbi, CBfl3aHHbie c o6pa6oTKOM 
nnoTHOM cycneH3nn npw OAHOBpeMeHHOM 
coxpaHeHMM Bcex Ba>KHbix npenMymecTB AaHHofi 
cucTeMbi. B A3HH0M cny^ae BHyTpeHHe 
oxna>KAeHne flBnseTCfl MCKnKDHMTenbHO npocTOM 
onepaL(new ranbKO noTOMy, 4to HeT hukskhx 
npo6neM c ranoHHbiMi/i ra3aMM LieMeHTHbix 
nenefi, a TaioKe npo6neM c KMcnoTHbiMH TOHKaMW 

pOCbl W1M C BOAHbIMM TOHKaMM pOCbl. C APyrotf 

CTopoHbi, BHyTpeHHee oxna>KAeHne 

ocyLAecTBnneTCfl c noMoii^bio A°CTaraHHO 
4MCToro ra3a, hto co6cTBeHHO n oG"bficHHeT, 
no^eMy b a3hhom cnynae HeT npo6newi c 
3acopeHweM BHyTpeHHero oxnaflWTenn. 

npuMep 4. B XMMUMecKOM npoMbiLuneHHOCTU 
mo>kho HacHMTaTb MHoro npuMepoB, Korfla 
OTAeneHi/ie XMMMHecKMX coeAHHeHnw Apyr ot 
Apyra nponcxoAMT b pe3ynbTaTe ceneKTMBHofi 



KOHAeHcai_|nw n/nnn cy6nnMai4HM. Huxe AaeTca 
KpaTKaa xapaKTepucTMKa npniviepa 
ncnonb30BaHua cnoco6a no M3o6peTeHnio ati^ 
ohmctkm ra3a, oopasyKJLAerocfl b npoL;ecce 
xnopupoBaHun TMTaHa. B npoL(ecce 
xnopupoBaHnn TMTaHa o6pa3yeTcn ra3, 
coAep^ai^nw HecKonbKO xnopnAOB MeTanna n 

M3 KOTOpOrO MeTOAOM CeneKTMBHOM 

KOHAeHcaL(MM nnn cy6nniviaL(MM mo>kho 
BbiAennTb APyrne xnopnAbi, HanpuMep MnCI 2 , 
FeCI 3 m AICI 3 eii^e ao MOMeHTa 
KOHAeHcupoBaHMfl ocHOBHoro coeAHHeHMfl, a 
MMeHHO 6naroAapfi CBoeMy BbicoKOMy 
AaBneHMK) napa He6onbiuoe KonnnecTBO 
MnCI 2 ncnapweTcn c KOHeHHbiM o6pa30BaHnen/i 
ra3a xnopupoBaHMfl, M3 KOTOporo oh 
KOHAeHCMpyerea b Bnfle npuMecn coeAHHeHna 
FeCI 3 , mto KOHeMHO yxyAiuaeT KanecTBO 
o6pa3yeMoro cpeppHTOBoro xnopwfla. 

Hn)Ke npHBOAMTcn npuMep ceneKTMBHoro 
BbiAeneHMfl MnCI 2 nepeA MOMeHTOM 
cy6nnMnpoBaHMR cpeppHTOBoro xnopnAa (cm. 
Ta6n. 4). 

B npnHL\nne ceneKTMBHaa cy6nnMaL^na 
Mn-xnopnfla nponcxoAMT nerKO v\ npocTO TonbKO 
no rati npuHMHe, mto ero tohks nnaBneHHfl 
6onee neM Ha 300°C Bbiiue, neM TOHKa KuneHun 
cpeppHTOBoro xnopnAa. KaK npaBuno, 
cy6nnMai_(Hfl Mn-xnopnfla ocymecTBnneTCfl 
nyTeM pacnbineHna AOCTaTOHHoro KonunecTBa 
TiCI 4 - >KMAKOCTb b ra3 xnopupoBaHns c 
TeMnepaTypoM OKono 1000°C. BHyTpn sraro 
ra3a nponcxoflMT McnapeHwe TiCI 4 >KMfli<ocTb, 
6naroflapa neMy nponcxoAMT oxna>KAeHMe ra3a 
ot TeMnepaTypbi npuMepHO 450°C. 3aTeM 
nponcxoAUT cy6nnMnpoBaHne Mn-xnopuA b 
BMfle OMeHb TOHKoro AtiMa, pa3AeneHne 
KOToporo npaKTHHecKH hsbo3mo>kho, ecnH 
ncnonb30BaTb pj\p, 3Toro TaKne npocTbie 
cpeflCTBa, KaK L(HKnoHHbifi cenapaTop. 

Ha cpur. 3 cxeMaTMHecKM noKa3aHO 
ncnonb30BaHMe cnoco6a no M306peTeHnic ppn 
ceneKTMBHoro BbiAeneHUB Mn-xnopnfla n 
Fe-xnopnAa H3 ra3a xnopupoBaHUfl. Ta3 1, 
TeMnepaTypa KOToporo paBHa 1000°C, 
noAaeTca bo BnycKHoe OTBepcTue 
CMecnTenbHOM KaMepw 5, Hepe3 3to >Ke 
OTBepcTue b CMecnTenbHyio KaMepy bboahtca 

TaiOKe TiCI 4 >KHflKOCTb 9, KOTOpafl B MOMeHT 

ncnapeHna 6yAeT oxna>KflaTbCfl ra3. B sto >Ke 
BpeMfi ra3 BCTpe^aeTcs c noTOKOM TBepAbix 
nacTHL^, coAep>KamnM HacTMi^bi MnCI 2 , 
ynoiwaHyTbin noTOK B03BpamaeTca m 
cenapaTopa 12 Hepe3 o6paTHbiti Tpy6onpoBOA 
6naroflapfi neMy npoL(ecc cy6nMMaL^nn 
ocyinecTBnaeTcn HenocpeACTBeHHO Ha 
noBepxHOCTH TBepAbix nacTHL( v\ ycTpaHfieTCfi 

BepOHTHOCTb 06pa30BaHH3 AblMa, KOTOpbIM 

oneHb TpyAHO BbiAenMTb. CoAep>KamMecfi b ra3e 

III TBepAbie 4aCTHL(bl, KOTOpbie BblXOA^T H3 

peaicropa 2 m KOTopbie y>Ke oxna>KAeHbi ao 
450 °C, pa3AenflK3TCfi b cenapaTopax 12 m Ha 
ABe CTaflnn. HacTb TBepAbix 4acTHL(, 
BbiAeneHHaa b cenaparape 12, Harpy>KaeTca 
Mepe3 Tpy6Ky 19, a Bee ocTanbHbie TBepflbie 
HacTHL(bi, BbiAeneHHbie bo btopom cenaparape, 
pa3rpy>Kai0TCfl nepe3 Tpy6Ky 20. OnucaHHaa 
Bbiiue cxeMa otiecneHUBaeT npocrae cpeACTBO 
ceneKTMBHoro BbiAeneHna MnCI 2 nepefl 
MOMeHTOM cy6nnMai4nn cpeppHTHoro xnopwfla. 

BbixoAfliAnW BTOporo cenaparopa ra3 5 
o6pa6aTbiBaeTCfl cooTBeTCTByioiAUM o6pa30M c 
i^enbio BbiAeneHMfl cpeppnTHoro xnopMAa 21 b 
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3 22, rfle ra3 oxna>KAaeTca npwMepHO flo 

300°C O nOMOLL(bK) TiCI 4 >KHflKOCTb 23. 

TiCI 4 BbiflenaeTCfl M3 BbixoAamero H3 cudeivibi 
22 ra3a 24 b pe3ynbTaTe era KOHfleHoai^nn b 
ycTpoMCTBe 25. 4acTb BbiAeneHHoro TUTaHOBoro 
xnopufla HanpaBnaerea b cucTeMy 22, a Apyraa 
nacTb b peaiaop 2. 

CymeoTByeT HecKonbKO 
BbicoKOTen/inepaTypHbix npoi4eccoB, KOTopue 
mmghdt fleno c nbineo6pa3HbiM i/inn 
M3MenbMeHHbiM HcxoflHbiM MaTepwanoM. B 
KanecTBO npnMepa mo>kho cocnaTbca Ha 
npoi4eccbi nnaBneHwa CTeKna m M3roTOBneHna va 
CTehcna pa3nMMHbix gmkoctsm, a TatoKe npoi^eco 
o6>Knra u,eMeHTa. Ecnn npoaHann3upoBaTb 
ynoMAHyTbie Bbiwe npoi_(eccbi o tohkw 3peHna 
3KOHOMMH pacxoflOBaH^fl 3Heprnn, Torfla 
Hai/i6onee pa3yMHbiM 6yAeT ncnonb30BaHi/ie 
coflep^aii^erocfl b TonoHHbix ra3ax Tenna Ana 
npeflBapMTenbHoro HarpeBaHi/ia HcxoAHoro 
MaTepMana. 06>Knr L^ewieHTa aBnaeTcn xopoiuHM 
npuMepoM CMCTeMbi, b Korapoti coAepjKau^eecq 
b TonoHHbix ra3ax Tenno ncnonb3yeTca Ana 
npeABapMTe^bHoro HarpeBaHMa mcxoahoto 
MaTepnana b tbk Ha3biBaeMbix L^i/iKnoHHbix 
npeABapuTe^bHbix HarpeBaTenax, b KOTopwx 
TaioKe nponcxoAUT npeABapi/iTenbHbiti o6>KMr. 
OAHaKO, b 6ojibLUMHCTBe cnynaeB Ha6n«)AaeTca 
Ancnponop 4 na b tom CMbicne, hto 
coAepxai^eecfl b TonoHHbix ra3ax Tenno 
0Ka3biBaeTca c/iulukom oonbWHM Ana toto 
mcxoahoto MaTepnana, KOToputi p,anxen 
CMeiunBaTbCfl c TonoHHbiMM ra3aMM ni/i6o no 
npuMMHaM oco6eHHOCTefi TexHonornHecKoro 
npoL^ecca i/inn BBUAy KOHKpeTHbix ycnoBi™ 
pa6oTbi, nocranbKy b stom cnynae mcxoahwm 
MaTepnar 6yAeT cnmuKOM ropanuM n HaHHeT 
cneKaTbca hjim BdynaTb b peaKU,M(o c apvhmm 
MaTepnaraMU, b pe3ynbTaTe Hero oh MO>KeT 

nOTepHTb Te CBOH CBOflCTBa, M3-3a KOTOpblX 
OCTaHOBHnCa Bbl6op Ha 3TOM KOHKpeTHOM 

mcxoahom MaTepnane. Ha npaKTUKe TonbKO 
KaKyio-TO KOHKpeTHyio nacTb Ten/ia TonoHHbix 
ra30B mojkho uononb30BaTb Ana 
npeflBapnTenbHoro HarpeBaHns mcxoahoto 
MaTepMana. flon>KHa cymecTBOBaTb 

B03MO>KHOCTb HGnOflb30BaHMn OCTaflbHOtf HaOTM 

Tenna nn6o Ana npeABapnTenbHoro HarpeBaHna 
npoAyBaeMoro B03Ayxa, ni/i6o Ana o6pa30BaHi/ia 
napa, hto aBnaerea 6onee o6bNHbiM nyTeM 
Mcnonb30BaHus ynoMaHyToro Tenna. B 
HeKorapbix cnynaax nacTb Tenna TonoHHbix 
ra30B mo>kho uononb30BaTb Ana 
npeABapnTenbHoro HarpeBaHkia npoAyBOHHoro 
B03Ayxa. OAHara TaKotf bo3mo>khoctm He 
cymecTByeT b KucnopoAHO-KOHBepTepHbix 
npou,eccax. 

Ha cpi/ir. 4 cxeMaTunecKH noKa3aHO 
ncnonb30BaHne cnocooa no M3o6peTeHnio Ana 
npeABapnTenbHoro HarpeBaHi/ia 
nopoLUKOo6pa3Horo mcxoahoto MaTepi/iana. 
TopflHMM TexHonornnecKUM ra3 1 noAaerea 
nepe3 BnycKHoe OTBepcTwe b CMecwTenbHyio 
KaMepy 5 peaKTopa 2, nocne Hero noTOK 
TexHonoiwecKoro ra3a BCTpenaeTca c noTOKOM 
oxna>KAeHHoro L(npKynnpyioinero ra3a 9 \a c 

nOTOKOM TBepAblX HaCTML^ 13, KOTOpblPi 

B03BpamaeTCfi M3 cenaparepa 12. M3 cnnoca 26 
nopoiiJKOo6pa3HbiM ucxoAHbm MaTepnan 
A03npoBaHHO noAaerefl b CMecnTenbHyio 
KaMepy. OmineHHbiw b cenapaTopax 12 m 15 ra3 
1 6 oxna>KAaeTCfl b oxnaAHTene 27, a nacTb 9 
3Toro oxna>KAeHHoro ra3a 28 noAaeTca b 
peaKTop. C noMoiAbio LiMpKynnpyK3ii4ero ra3a 
mo>kho 6yAeT OTHOci/iTenbHO nerKO n npocra 



perynnpoBaTb TeMnepaTypy hcxoahoto 
MaTepnana ao onTHManbHoro ypoBHfi n 
BbiAeneHMe ra3a TexHonora4ecKoro npoL^ecca 
mo>kho 6yAeT BbiAenaTb n B03BpainaTb b 
npouecc BMecTe c ncxoAHbiM MaTepnanoM, 
ocTanbHyio naoTb OTpa6oTaHHoro Tenna mo>kho 
6yAeT ncnonb30BaTb, HanpuMep, Ana 
o6pa30BaHna napa nnn HarpeBaHna 
npoAyBOHHoro B03Ayxa,nnn Ana Toro n APyroro. 
BnaroAapa nornomeHMK) v\z ra3a 
KOHAeHcupyroiAnx n At.iMoo6pa3yioiAnx 
KOMnoHeHTOB, a TaioKe paonnaBneHHbix Kanenb 
MTiM HacTHL) y>Ke Ha paHHeti CTaAnn npoi_(ecca 
oxna>KAeHMa noaBnaerea B03M0>KH0CTb 
SHaMHTenbHO o6nerHMTb npoL;ecc Tennoo6MeHa 
nepe3 TennonepeflaioiAne noBepxHOOTM, a 
cneAOBaTenbHO, OTaHeT 6onee AeweBbiM 
o6opyAOBaHne, c noMoii^bio KOToporo 
ocyLAecTBnaeTca npoL^ecc Tennoo6MeHa. 

ripuMep npon3BOACTBa nyryHa. C L4enbio 
saiweHbi AOMeHHbix nenew b npoLiecoe 
npon3BOACTBa nyryHa 6bino pa3pa6oTaHO mhoto 
pasnnHHbix cnoco6oB pacKucneHna HyryHa. 
Bbino, b nacTHOCTH, npeflnoKeHO uononb30BaTb 
TennocoAepxamne n noTeHL(nan pacKucneHwa 
HaxoAaiAero H3 KOHBepTepa ra3a, npuneM b 
AaHHOM cnyMae npeAycMaTpuBaeTca npoAyBKa 
CHM3y yrneM n KucnopoAOM o u,enbio 
npeABapnTenbHoro HarpeBaHna n 
npeAOMcneHwa TexHonornHecKoro mcxoahoto 
MaTepnana nepeA MOMeHTOM a>aKTMHecKoro 
nnaBneHna w OKOHHaTenbHoro pacKncneHwa. 

H3BecTeH cnoco6 oxna>KAeHna o6pa3yeMoro 
b npoL^ecce nnaBneHna noTOKa rasa nnn HacTM 
SToro noraKa ra3a pacnwneHneM boah, c 
noMOLAbio napa unn L^npKynau,nn oxna>KfleHHoro 
boaom rasa. 

HeflocTaTKOM onoco6a aBnaerea, HanpuMep, 
M3MeHeHne ra30Boro aHann3a n 6anaHC0B 
Knonopofla nnn HeBO3MO>KHO0Tb pereHepaL^nn 
Tenjiocoflep>KaHHfl ra3a, o HeM y>Ke roBopunn 

BblLUe 

Eme oahmm HeAocTaTKOM stoto cnoco6a, 
KOTopbifi HenoopeAOTBeHHO 0Ba3aH n o 
L;npKynaL(ne/i ra3a n c pacnbineHneM BOflbi, 
aBnaeToa Hen36e>KHoe b ashhom cnynae 
o6pa30BaHne awmob, KOTopbie oneHb TpyAHO 
pa3flennTb, o HeM Taicwe ywe ynoMMHann Bbiiue. 

npeABapi^TenbHoe HarpeBaHne hcxoahoto 
MaTepnana 3HannTenbHO ynpoiAaerea o 
noMombio cnoco6a no H3o6peTeHMio b cuoTewie, 
KOTopaa cxeiwaTHHecKH noKa3aHa Ha cpur. 4. 
Ecnn nMeTb b biw KOHKpeTHO npoL4ecc 
nnaBneHna m pacKucneHna c npoAyBKOM yrneM m 
KncnopoflOM, to cnoco6 no n3o6peTeHHK) 
rapaHTupyeT cneAyiomne npenMymecTBa m 



B03MO>KHOCTb perynnpoBaHMa TeMnepaTypbi 
BbixoAamux ra30B flOMeHHoi^ nenn ao 
>KenaeMoro ypoBHa (AOMeHHbie nenn 
npoAyBaioTca yrneM m KucnopoAOM); 

B03MO>KHOCTb BnOnHe AOCTaTOHHOM OHMCTKM 

55 ra30B M 

B03M0>KH0CTb ncnonb30BaTb ra3bi Ana 
npeABapHTenbHoro BoocTaHOBneHna 
KOHL^eHTpaTa >Kene3a, Korapbifi ncnonb3yeTca b 
KanecTBe noxoAHoro MaTepnana stoto 
TexHonornnecKoro npoL(ecca, nepeA MOMeHTOM 

so nnaBJieHUfl m OKOHHaTenbHoro paoKnoneHna, 
Korapbie aBnaioTca cocTaBHbiMn aneMeHTaMU 
AaHHoro TexHonornHecKoro npoL4ecca. 

CneAOBaTenbHO, b ashhom cnynae 
noaBnaeTca BO3MO>KHO0Tb HaunyniuMM 
cnoco6oM ncnonb30BaTb KaK TennocoAep>KaHne, 
TaK i/i XMMMHecKMM noTeHL^nan TexHonorMHecKMX 
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ra30B n flo6nTbcsq MaKCHManbHbix pe3ynbTaT0B b 
nnaHe skohommh SHeprnn. 

1/13 cneu,wanbHoti nwTepaTypw K3BecTHbi 
pa3ni/iHHbie TexHonornnecKwe KOHLrenL(nw, 
KOTopbie npeflycMaTpuBaioT nononb30BaHne 
ra30B npcmecca nnaBneHHfi c npuMeHeHneM 
yronbHO-KucnopoflHOM npoflyBKH ana 
npeflBapHTenbHoro OKHcjieHMfi 
TexHonornMecKoro McxoflHoro MaTepwana. B 

COOTBeTCTBUM C 3TMMH KOHL^enL^HflMM 

peKOMeHflyeTCfi oxna>KflaTb, OHHLiraTb h 
noBTopHO HarpeBarb ra3 nepea MOMemoM 
ocymecTBneHHS npoLrecca npeflBapuTenbHoro 
BoccTaHOBneHUfi. OflHaKO cneayeT HMeTb b 
BMfly, hto cnoco6bi no stum KOHLrenL(HHM 

flBHfllOTOfl OHeHb CJ10>KHblMM H CJlUliJKOM 
flOpOrOCTOfllflHMM, HT06bl 6blTb SKOHOMMHeCKHe 

onpaBflaHHbiMH. 

C noMoiflbio cnoco6a no i/i3o6peTeHHio 
MMeeToa B03MO>KHOCTb nenra M npocTO 
oxna>KAaTb ra3bi flOMeHHO^i nenw pp 
npweMJieMoro ypoBHfl TeMnepaTypbi, MMea b 
BMfly npou,ecc pacKi/icneHMS, a TaiOKe om/imaTb 
ra3bi ot flbiMa, KOTopbiM OKa3biBaeT 
OTpuLiaTenbHoe BfinsiHue Ha npoqecc 
pacKHCJieHUfl, npuneM ohmctio ra30B 
nponcxoflMT flo MOMema BBefleHUd ra30B b 
TexHOJion/iHecKMM npou,ecc, a cneaoBaTenbHO, 
ohh He oyayT OKa3biBaTb HWKaKoro BrnflHMfi Ha 
pe3ynbTaTbi aHani/m caMoro ra3a. B 
3aBwcnMac™ ot ncnonb3yeMoro npoL(ecca 
pacKncneHMfl raa flonweH oxna>KaaTbCfl ao 
TeMnepaTypbi 700 1000 °C. Cnocoo" no 
M3o6peTeHMio mo>kho peann30BaTb, HanpuMep, c 
noMoi^bK) OMCTeMbi, cxeiviaTHHecKM noKa3aHHoti 
Ha cpur. 2, npuneM b flaHHOM cnynae oTnaflaeT 
Heo6xoflHMOCTb ycTaHaBJinBaTb b BepxHefi 
Hac™ peaKTopa 2 TennonepeaaiomMe 

nOBepXHOCTH. B 3aBMCHMOCTH OT KOHKpeTHblX 

ycnoBHfl mo>kho Bbi6paTb Han6onee 
noflxoflflii^fl flnfl flaHHoro cnynaa 
L^upKyjiupyioLUMti nopoLUKoo6pa3Hbiii MaTepwan, 
npuneM Bbi6npaeTCn TaKotf L^upKynnpyioLHHM 
MaTepwan, KOTopwti mo>kho 6yaeT B03BpauiaTb b 
npoi4ecc BMecTe c nacTUL(aMH, BbifleneHHbiMM M3 
TexHonornnecKoro ra3a. Bonee Toro, b flaHHOM 
cnynae HMeeres B03MO>KHOCTb Bbi6paTb TaKne 
i^upKynupyroinne nacTW 4 bi, KOTopbie aawe npn 
BbicoKnx TeMnepaTypax He oyflyT cneKaTbca, 

MT1H HTOObl MO)KHO 6biriO BBOflMTb TaKne 

MaTepnanbi b 4 upKynnpyioLnne HacTML^bi, 
KOTopbie npenaTCTBOBann cneKaHMio stwx 
4acTHL(. npenMymecTBOM 3Toro cnocoSa 
flBnaeTCfl to, hto TeMnepaTypy mo>kho 
perynnpoBaTb flo Hy>KHoro ypoBHH, hto 
cymecTByeT B03MO>KHOCTb ohuctkm ra3a ot flbiMa 
n hto BbioBoeo>KflaeMoe npn oxra)KfleHMM Tenno 
mo>kho ucnorib30BaTb flna o6pa30BaHna napa 
unn napa BbicoKoro aaBneHHfl, hto He 6yaeT 
OKa3biBaTb OTpuL^aTeiibHoro BnHHHHH Ha 
pe3yribTaTbi aHann3a caMoro ra3a. 

Bee CKa3aHHoe Bbiiue unmocTpupyeT 
npuMeHeHne cnocooa no M3o6peTeHwo ana 
perynnpoBaHns TeMnepaTypbi v\ ohwctkh ra30B 
nenn no BbinnaBKe nyryHa nepea momghtom 
ncnonb30BaHHfi stmx ra30B b npoi^ecce 
pacKnoneHUfl. B STofi cba3h cneflyeT yKa3aTb Ha 

eme OflHy B03MO>KHOCTb, KOTOpafl B 

onpeaeneHHOM OTeneHn 6yaeT aHanornHHa 
npeflBapnTeribHOMy HarpeBaHwio ncxoflHora 
MaTepwana. MMeeTon b BMfly noflana ra30B 
npoi4ecca nnaBneHun b ycTpowcTBO (cpnr. 2) no 
M3o6p6T6HMK), b kotopom TeMnepaTypa 
perynnpyeTca flo Han6onee npneMneMoro fliifl 
npeflBapMTeribHoro OKMoneHMfl ypoBHfl o 



noMOLflbio L^upKynnpyioinero ras 
c noMoii4bK) TennonepeflaioinMX noBepxHOCTeti, 
ycTaHOBneHHbix b peaKTope c i4npKynnpyioLL(MM 
>KHflKHM cnoeM, npuneM b KanecTBe 
UupKynnpyioinMX HacTHL( ncnonb3yeTon 
npeflHa3HaHeHHbm flna npeflBapMTeribHoro 
OKMcneHnq KOHi^eHTpaT >Kene3a. rioflana 
KOH 4 eHTpaTa n KoriMHecTBO L4npKynnpyioiflero 
rasa n L^upKynnpyeMbix nacTMi^ perynnpyioTCfl c 
TaKMM pacneTOM, HTo6bi npoflon>KHTenbHOCTb nx 
yflep>KHBaHMfl 6bina flocTaTOHHOM fln^ 
ocymecTBneHUfl npeflBapnTenbHoro OKHcrieHMfl. 
nocne aToro ropqHMti npeflBapMTenbHO 
OKMcneHHbiPi MaTepnari noflaerefi nn6o 
HenocpeflCTBeHHO b flOMeHHyio nenb, nn6o oh 
nocne oxnaweHUfl npeBpamaeTOfl b 6pw<eTbi n 
ncnorib3yeTcq (nocne B03MO>KHoro 
Henpoflon>KHTenbHoro xpaHeHna) ana 
nnaBneHHH. KaK npaBHno, c tohkh 3peHHfi 
3KOHOMMM SHeprnn 6onee 3cpcj:eKTHBHbiM nyTeM 
ABnaeTCfl noflana MaTepnana HenocpeflCTBeHHO 
b npoL^ecce nnaBneHMfl. OflHaKO Ha npaKTUKe 
MoryT fleficTBOBaTb n flpyrne o>aKTopbi, KOTopbie 
BbicKa3biBai0TCfi b nonb3y oxna>KfleHMfl m 
xpaHeHMfl. 

06pa3yi0Lflnncfl Ha CTaflnn 
npeflBapnTenbHoro BoccTaHOBneHna ra3 c tom 
TeMnepaTypoR, hto m pacKucneHHbiM 
KOHL(eHTpaT, Bee eifle npeflCTaBneH na30M c 
BbicoKMM coflep>KaHMeM CO-H 2 . B flanbHetiiiieM 
3tot ras ncnonb3yeTca nn6o flna 
npeflBapnTenbHoro HarpeBaHi/in MaTepnana nnn 
B03flyxa, nn6o flnn o6pa30BaHnn napa. 

npMBefleHHbie Bbiiue npuMepbi 
unniocTpupyioT bo3mo>khoctm cnoco6a no 
M3o6peTeHMK> b nnaHe ncnonb30BaHHfl 
TennocoflepjKaHMfl m xnMnnecKoro noTeHunana 
TexHonornnecKnx ra30B ana npeflBapnTenbHoro 
HarpeBaHMfl TexHonornnecKoro ncxoflHoro 
MaTepnana h flns pacKucneHna. Bonee Toro, 

OHM TaiOKe HnniOCTpHpyiOT B03MO>KHOCTb 

npeflOTBpaTMTb npoTeKaHne onpefleneHHbix 
peaKmiPi 3a cneT oxna>KfleHH3 ra30B 3a 
npeflenaMM >KenaeMoro flnana30Ha 
TeMnepaTypbi c BbicoKOM cKopocTbio 
oxna>KfleHnsi. 

Cnoco6 no M3o6peTeHnio TaiOKe flaeT 
B03MO>KHOCTb CTHMynnpoBaTb npoTeKaHne 
>KenaeMbix peaKL(MH 6naroflapa TOMy , hto oh 
npeflycMaTpuBaeT B03MO>KHOCTb perynnpoBaHun 
TeMnepaTypbi, npoflonjKMTenbHOCTM 
yflep>KHBaHM^ TBepflbix nacTui^ u XMMMHecKoro 
noTeHL4nana caMoro ra3a. 

Hn>Ke 6onee fleTanbHO onucbiBaeTca 
npuMep TaKOH bo3mo>khocth. HanpuMep, b 
npoirecce nnaBneHMfl bo B3BeiueHHOM 

COCTO^HMH KOHI^eHTpaTOB MeflM c npHMecsiMH 

nponcxoflUT o6pa30BaHne noTOKa 

TexHonornnecKoro ra3a, coflep>Kaiflero TBepflbie 
nacTMi^bi, npuneM nacTO stm nacTML^bi coflep>KaT 
noMMMO Bcero nponero TaKMe 6naropoflHbie 
MeTannbi, ksk Meflb, i^MHKy, CBMHei^ n T.fl. n 
MeHee i^eHHoe >Kene30. 3a cneT perynnpoBaHna 
TeMnepaTypbi CMeujMBaHHfl ra30B, 
o6pa3yioiHMXca n BbixoflfliaMX H3 npoL^ecca n 
TeMnepaTypbi peaKTopa c u,wpKynnpyioLflHMH 
nacTniraMU flo npuMepHO 650 - 700°C, a TahOKe 
3a CMeT perynnpoBaHHfi noTeHunana KHcnopofla 
caMoro peaKTopa flo cooTBeTCTByioiflero ypoBHfl 
b pe3ynbraTe noflann Kucnopofla, HanpuMep 
B03flyxa, b noTOK L^nphtynnpyioiflero ra3a b 
peaKTope c nceBfloo>Kn>KeHHbiM cnoeM 
o6pa3yioTCfl TaKne ycnoBun, HTo6bi 
coflep>Kaiflnecfl b noponiKoo6pa3HOM 
MaTepnane (b BMfle MenbHafininx nacTHL^) 
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a 6naropoflHbie MeTannbi 
(Cu, Zn, Pb n T.fl.) Momn o6pa30BbiBaTb 
BOflopacTBopuMbie cynbcpaTbi, a )Kejie30 
odaBanocb b BOfle m Bnfle HepacTBopnMoi/i 
okhci/i. flna ocymecTBneHwa stoto npoL^ecca 
nocne He3HaHHTenbHbix MOflncbuKaL^niJi mowho 
ncnonb30BaTb ycTpoficTBO, noKa3aHHoe Ha cbur. 
4. BbixoAflLnufi nnaBnnbHoCi neni/i 

TexHOJiornMecKMM ra3 1, coflep^ai^MM S0 2 m 
TBepAbie nacTML(bi, 6yfleT oxna>KflaTbCfl b 
cn/iecHTejibHofi KaMepe 5 c noMoi^bio 
L(npKynnpyK)Lnero ra3a 9 n AononHi/iTenbHO 
BBefleHHoro cioAa B03flyxa (Ha MepTewe He 
noKa3aH) ao TeMnepaTypbi peaKi^MM 650 700°C, 
TaKaa TeMnepaTypa npeo6naflaeT Tao<e b 
30He peaKL^nn 2, KOTOpan BbinoiiHfieT TaioKe 
cjsyHKLiMio nepeflaTCMHOM caKuyuA m b 
L4npKynnpyK)innx TBepflbix nacTi^ax 13. \Az 

6bmo BBeaeHO b OMOTeiwy BMecTe c ra30M, 

MaCTHL(bl B03MO>KHO BblXOflflT TahOKe M3 06opHOrO 

6yHKepa 26, M3 KOToporo MacTMi^bi 6yflyT 
noflaBaTbcn Ha 3Tan pacTBopeHMH. 3a cneT 
perynnpoBaHna vanmeciBa uupKyjinpyioiAUX 
nacTHL( u ypoBHfl Kucnopofla c noMoii^bio 
Ao6aBneHMfi B03flyxa i/i Bbi6opa onpeAeneHHoro 
ypoBHfl TeMnepaTypbi mo>kho 6yfleT co3AaTb 
yonoBMa, KOTOpbie 6yflyT onTMMaribHbiMU Ana 
Ka»<Aora KOHKpeTHoro cnyMaa. B ashhom cnyqae 
o6pa3yeMoe b pe3yribTaTe peaia^H 
cynbcpaTwpoBaHi/iH b npoL^ecoe nnaBneHMfl 
Tenno mo>kho pereHepupoBaTb b Bup,e napa 
BbicoKoro flaBxieHWfl b napoBOM Kcme 27. 

B npai4ecce npeABapnTenbHoti o6pa6oTKH 
KOHL4eHTpaTOB Me am o npHMecfiMM, HanpuMep, c 
L^enbio yfla/ieHMfl As, Sb, Bi b HetiTpanbHoCi nnn 
yMepeHHO pacKMcneHHoPi aTMoccpepe, o6bMHo 
ncnonb3yeTCfl MacTMMHbiM o6>KMr npn 
TeMnepaType oko/io 700°C. B xofle 
ocymecTBneHHH stoto npouecca ynoMHHyTbie 
Bbinie KOMnoHeHTbi ncnapaioTOfl b BMfle 
cynbcbuflOB b ra30BOM cba3e u 6yayT 
BbiflejiflTbca H3 Hee Ha oonee no3flHetf cTaAMM 
oGpa6oTKU ra3a. 3Ta o6pa6oTKa NioweT 
ocyinecTBnnTbcn OAHOBpeMeHHO g 
oxna>KAeHMeM ra3a b nnaBmibHotf nenn 
cnoco6oM no M3o6peTeHMK>. npeABapnTerbHaa 
o6pa6oTKa KOHU,eHTparoB, T.e. ncxoAHoro 
MaTepuana nnaBUJibHofi nenn, NioweT 
ocyLnecTBfiflTbCfl, HanpuMep, c noMombio 
noKa3aHHoro Ha cbur. 4 ycTpoMCTBa, b kotopom 
cpa3y *te nocne TennoooMeHHMKa 27 
yoTaHOBneHbi cenaparap, Tennoo6MeHHHK \a 
e\i\e oamh cenapaTop (KOTopbitf Ha cbur. 4 He 
noKa3aH) Ann AanbHeMweti o6pa6oTKM ra3a. 
BbixoAflLAntf n3 nnaBuribHOM nenn 1 ra3 w 
ncxoAHbiR MaTepnan npoi^ecca noaaKiTca H3 
6yHKepa 26 HenocpeACTBeHHO b CMecwTenbHyio 
KaMepy 5, b Korapyio TatoKe noAaeTca 
L^upKynnpyioiAMM ra3 9 c u,enbio ycTaHOBneHua 
TeMnepaTypbi Ha nnaBmibHOM pe>KMMe. 
npoAon>KHTenbHOCTb yAep>KHBaHnn nacTMi^ 
perynnpyeTOfl 3a cneT perynnpoBaHnq 
KoriHMecTBa LtupKyjiHpyioinnx MacTMi4. B cnynae 
Heo6xoAHMOCTM noTeHLinan pacKnoneHna 
cucTeMbi AonycKaeT 6onee TOHKoe 
perynnpoBaHne 3a cneT noAann, HanpuMep, 
HacpTa unn B03Ayxa b cucTeMy, jim6o nepe3 
riMHMio noAann i^upKyjinpyioinero ra3a, nn6o 
HenocpeACTBeHHO b peaKTop, Bbi6op raro mjim 
Apyroro 3aBMCMT ot KOHKpeTHOM CMTyai^nn. 
flBnaeTCfi npeAnoHTMTeribHbiM, HTo6bi 
TeMnepaTypa peaKTopa npeBbimana 700°C, 
m6o b 3tom cnynae mo>kho AO^MTbca 
pe3ynbTaTOB b nnaHe 



ncnapeHMfl npHMecePi, Bbi6op KOHKpeTHoPi 
TeMnepaTypbi peaKTopa 3aBMCMT ot 
cneKaioiAHXcs n npo^nx cbomctb ncxoAHoro 
MaTepnana. npeAHa3HaHeHHbiCi pf\n o6pa6oTKn 
KOHueHTpaT, a TaioKe BbiAeneHHbie nacTMUbi, 
BbixoAfliAne H3 nnaBuribHOM nenn, bboaatch b 
ropqHeM coctoshmm b hcxoahnm MaTepwan 
npoL4ecca nnaBneHna unn HenocpeACTBeHHO b 
TexHonorMHecKuCi npou,ecc b xotioahom 
cocTonHMM, npoPiAfi nepeA stum 3Tan 
oxna>KAeHMa, a bo3mo>kho h 3Tan 
npoMejKyTOHHoro xpaHeHna. 3aTeM nponcxoflUT 
AanbHeMLiiaa o6pa6oTKa TexHonoruHechcoro ra3a 
16, KOTopbiPi o6pa3yeTCfl Ha stom CTaAnn m 
KorapbiM coAep>KMT KaK BbinapeHHbie npuMecu B 
BMAe cynbcpufla (As, Sb, Bi.) TaK h bo3mo>kho 
He6onbiuM6 KonimecTBa sneMeHTapHOM cepbi. 

B npoL(ecce AanbHetiiijeti o6pa6oTKn 
nponcxoAUT OKHcneHHe ra3a noA ynpaBneHneM 
AonoriHnTenbHoro KonnHecTBa B03Ayxa (Ha 
nepTe>Kax He noKa3aH),npnHeM OKMcneHne 
MMeeT MecTO nepeA mombhtom BnycKa ra3a b 
Tennoo6MeHHMK 27, b pe3ynbTaTe 4ero 
ynoMAHyTbie Bbiiue npuMecu 6yayT OKMonaTbca 
n oxna>KAaTbCH ao TeMnepaTypbi, npn KOTopofi 
Sb203 m Bi203 6yayT cy6nnMnpoBaTbCfl n 
BbiAenflTbCfl us ra3a. nocne sraro coAepxamuR 
AS2O3 ra3 6yaeT aonoriHUTeribHO oxnawaTbCfi 
KaKMM-TO y>Ke nsBecTHbiM cnoco6oM nnn 
cnoco6oM no M3o6peTeHnio b MHAHBUAyaribHOM 
ycTpoficTBe ao TeMnepaTypbi np^MepHO b 
120 °C, b pe3y/ibTaTe 4ero As 2 0 3 6yAeT 
cy6nnMnpoBaTbCfi n BbiAenaTbca m ra3a. 

3aTeM rasbi noAaioTca py\s\ AaribHeMiueti 
o6pa6oTKn, HanpuMep, c L(enbio nonyneHun 

CepHOM KMCTlOTbl. 

B ynoMAHyTOM Bbiiue cnynae Heo6xoAHMoe 
Ann ocymecTBneHUR TexHonornMecraro 
npoi^ecca Tenno nonynaeM M3 ra30B 
nnaBMTibHOM neMU, rarfla KaK b npoLiecce 
OTAexibHoro nacTMHHoro o6>Knra Tenno aoti>kho 
6yAeT o6pa30BbiBaTbc;i OKHcnqioinefi HacTbio 
cyribcpMAa KOHU,eHTpaTa. CneAOBaTenbHO, 
TennoTBopHan cnoco6HocTb KOHL^eHTpaTa 
pe3epBnpyeTCH ahw Hy>KA caMoro npoi4ecca 
nnaB/ieHi/iH. B to >Ke BpeMfi b a^hhom cnyMae 
Mbi nonynaeM npeHMyii^ecTBO b tom nnaHe, hto 
KonnnecTBO noTOKOB ra3a, KOTopbie Heo6xoAHMO 
6yAeT o6pa6oTaTb m KOTopbie coAep>KaT S0 2 . 
yMeHbiuaTCfl c AByx ao oahoi~o, a npoL^eHTHoe 
coAep>KaHMe S0 2 noTOKa ra3a 6yAeT 
yBennHUBaTbca no cpaBHeHMio c oSbNHbiM 
npoL(eccoM. 

Ha cbur. 7 noKa3aHa cucTeMa o6pa6oTKM 
TexHonornnecKnx ra30B 1 b peaKTope 2, b 
KorapbiM TexHonornnecKHn ra3 bboahtch nepe3 
BnycKHoe OTBepcTue 3, pacnno>KeHHoe b 
BepxHePi nacTM peaKTopa. B BepxHioio nacTb 
peaKTopa noAaioTcq TaioKe y>Ke oxna>KAeHHbiM 
AMpKynnpyioiAMM ra3 n L4npKynnpyioiAMe 
TBepAbie HacTML^bi. TexHonoruHecKMti ra3, 
i^upKynnpyioiAMM ra3 v\ L^upKynnpyioiAne 

TBepAbie HaCTHL(bl paBHOMepHO 

nepeMeni/iBaioTcsi b BepxHefi 4acTH peaKTopa b 
CMecnTenbHOM npocTpaHCTBe 5. CycneH3M^ 
ra3/HacTMi4bi, KOTopaa k 3TOMy MOMeHTy y>Ke 
AocTnrna TeMnepaTypbi CMeniMBaHnw, HaMHHaeT 
nepeMeii^aTbCfl b peaKTope no HanpaBneHnio 
BHM3. noKa3aHHbiM Ha cbur. 7 BapnaHT 
ycTpoMCTBa BKniwaeT b ce6a TennooGMeHHMK 
10, pacnono)KeHHbiii b aohhom nacTM peaKTopa m 
b kotopom Tenno Tennoo6MeHHHKa 
pereHepupyerea nx TexHonorHMecKoro ra3a. 
Hn)Ke peaKTopa pacnonaraeTca cenapaTop 
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4acTHL( 12, b KOTopoM npowcxoAHT BbiAeneHne 
TBepflbix HacTMi4 M3 cycneH3Hn ra3/Hac™i4bi. flna 
pa3AeneHH^ MacTW4 mo>kho ncnonb30BaTb 
pa3rn4Hbie y«e n3BecTHbie cnoco6bi v\ 
ycTpowcTBa, npuneM oaM npoL4eoc pa3fleneHnn w 
BbifleneHHfl HacTHL^ MO»ceT ooyii^eoTBrflTbCfl 3a 

OflMH MJ1M HeCKOHbKO 3TanOB. 

B noKa3aHHOM Ha cjjur. 7 cnynae y>Ke 
4acTHMH0 04Mi^eHHbiPi ra3 noflaeTcs nepe3 
BTopuHHbiM oxraflMTeiib ra3a 27 b APyroPi 
cenapaTop nacTwu. 15. 

HaoTb oHMii^eHHoro ra3a 5 B03BpaiAaeTCfi 
HacocoM 29 b BepxHioio nacTb peaKTopa b BMAe 
L4npKynnpyioiAero ra3a 9. nepeA MOMemoM 
BBeAeHnn b peaKTop L^upKyrnpytoi^nK ras 
CMeiuMBaeTOfl c TBepAbiMH nacTHL^aMU 13 n 20, 
KOTopbie 6binn npeABapmejibHO BbiAeneHbi 
nn6o b oahom, nn6o b flByx cenapaTopax 12 v\ 
15. B BepxHioio MacTb peaKTopa mo>kho TaioKe 
B03BpamaTb nacTMLibi, BbiAeiieHHbie M3 ra3a, 
ncnonb3yfl a™ 3Toro pa3nnMHbie y*e 
M3BeoTHbie cnoco6bi TpaHcnopTupoBKM, 
Hanpi/iMep nHeBH/iaTMMecKne, cnei4i/iajibHbie 
noA"beMHbie ycrpoficTBa, LUHeKH n T.fl. 

KaK 3TO BMAHO M3 CpW". 7, TenTIO MO>KHO 

pereHepupoBaTb v\z TexHOJiornnecKoro ra3a b 
peaKTope 2, a TOHHee b Tennoo6MeHHWKax 10. B 
HeKOTOpbix cny^aax MO>KeT OKa3aTbc?i 
L4enecoo6pa3HbiM w BbiroAHbiM cnepBa 
npeABapMTenbHO om/iinaTb ra3, HanpuMep b 
ohmcthom ycTpoiicTBe 12, a 3aTeM nponycKaTb 
ra3 nepe3 Ten/ioo6MeHHMK 27. Ecru Mbi MiweeM 
Aeno c 6onbiiiHMH Koni/inecTBaMM, to MoweT 
OKa3aTbca L^eneooo6pa3HbiM yAannTb M3 ra3a 
Becb a6pa3MBHbiM unu ncTMpatoinnM MaTepwan i/i 
TonbKO nocne sraro HanpaB/iHTb ra3 b 
Tenroo6MeHHMK. C APyrotf CTopoHbi, b cnynae 
Heo6xoflMMocTu mo>kho 6yAeT ocymeoTB/isiTb 
pereHepaLinio Tenna TonbKO b peaKTope n He 
ncnonb30BaTb Ana araro Boe ocTanbHbie 

Tenil006MeHHMKM, B HaCTHOCTM Tennoo6MeHHMK 
27. 

C noMOLAbio noKa3aHHoCi Ha cpnr. 7 cncTeMbi 
MO>KHO AOOTMHb Bcex ynoMHHyTbix Bbiiue 
npenMyinecTB cnocooa no M3o6peTeHMio, a 
MMeHHO 6biCTporo oxna>KAeHHfl, 6wcTporo 
o6pa30BaHna cycneH3Hn, ceneKTHBHofi 
KOHfleHcai4nn n t.a 

B KOHCTpyKi^noHHOM nnaHe AaHHaa cucTeMa 
oTJiHHaeTca ot y*e H3BecTHbix tgm, hto 

KOHCTpyKL^Mfl 3TOii CMCTeMbl AaeT B03MO>KHOCTb 

ocyLnecTBn^Tb cnoHTaHHoe cwieiuMBaHne bo 
BnycKHOM OTBepcTnn, TorAa KaK y>Ke M3BecTHbix 
cudeMax b oonbWHHCTBe cnynaeB HeooxoAHMO 
6yAeT OKa3biBaTb npuHyflUTenbHoe B03AeiicTBue 
Ha HaxoA^mnec^ b noTOKe ra3a TBepAbie 
nacTHL(bi. 

L4npKyriflL^na MacTMi^ ocymecTBnfleTca nerKO 
n npocTO no npnnnHe, hto HacTMi4bi npoxoAflT 
nepe3 cnoTeiviy He3aBwcnMO ot noTOKa 
TexHonornHecKoro ra3a. CucTeMa 

cjayHKUnoHnpyeT HopManbHO npn nroooM noTOKe 
TexHOJiornnecKoro ra3a, a He TonbKO npn 
MMHMManbHOM. KpoMe raro, omaAaeT 
Heo6xoAHMOCTb HMeTb CMecHTenbHyio KaMepy, 
noTepn AaBiieHMfl 6yAyT MMHUManbHbiMU TonbKO 
no npuHUHe, hto b AaHHOM cnynae He Tpe6yeTca 
KaKoro-TO 3HaHMTeribHoro nepeKpbiTna bo 

BnyCKHOM OTBepCTMM. 

Bee CKa3aHHoe Bbiiue yKa3biBaeT Ha HanMHMe 
HecKonbKnx flBHbix npeniviyii^eoTB cnoco6a no 
M3o6peTeHMio. npnBeAeHHbie Bbiiue npun/iepw 
flCHO yKa3biBafOT Ha to, mto aha Ka>KAoro 
KOHKpeTHoro cnynafl mo>kho onTHMM3npoBaTb 
coneTaHne L^upKyjinpyioinnx HaoTMi^ u 



L\npKyniipyK)inero ra3a. M TeM He MeHee sto 

MO)KeT MMeTb CBOMM KOHeHHbIM pe3ynbTaTOM 
CflULLlKOM HH3KyiO CpeAHIOK) njlOTHOCTb MaOTML;, 

KOTopaa npeoGnaAaeT b ceKL^nn CMeninBaHUfl v\ 
KOTopan Morna 6bi o6pa30BbiBaTb m nornoiAaTb 
flbiM. 3tot acneKT Heo6xoAHMO yHMTbiBaTb npn 
o6cy>KAeHMM npeuiviyiAecTB n HeAocTaTKOB 
nio6ofi cncTen/ibi. CneAyeT MMeTb b bhay, hto 
nnoTHOCTb cycneH3un, KOTopaa L^nphtynupyeT 
Hepe3 peaKTop, mo>kho perynnpoBaTb c 
noMOLAbio i^MpKynupyioiAero ra3a ao ypoBHfl 0,5 
kt/m 3 m fla>Ke Htwce, o neM CBHAeTeribCTByioT 
npuBOAHMbie Bbiiue npuMepw. B onucbiBaen/ioM 
cnynae b 3aBncnMOCTH ot pa3Mepa 3epeH 
o HacTi/m paBHO 10 6 /m 3 mtim 
6naroflapfl neiwy cpeAHee 
paccTonHHe Me>Kfly nacTkmaMM MO>KeT flocTuraTb 
MaKCHManbHO 10 mm. npeAnocbiJiKofi 

MCKTIIOHeHUfl BepOflTHOCTH 06pa30BaHMfl AWMa M 

nomoii^eHMfi ynbTpaMeriKnx MacTMLi o6bMHO 
flBTifieTCfl 6onee BbicoKan nnoTHOCTb MacTHLi,, 
HanpuMep, 10 7 10 8 /m 3 , npw CMeiiinBaHMM, 
6naroAapa neMy paccTOAHne Me>KAy HacTMi^aMU 
paBHO 5.1 mm. MMeeTca HecKonbKO nyTeM 
cosAaHna o6opyAOBaHMfl 3Toro Tuna. Han6oriee 
npocTbiM n npeAnoMTMTenbHbiM nyTeM ^Bn^eTcq 
co3AaHne CMecnTenbHOM ce^nn peaKTopa c 
TaKMM pacneTOM, MTo6bi nn6o 6onbiuafl, nn6o 
MeHbLuaa nacTb npwcyTCTByioiAMX b stom ce^nn 
HaxoAnnacb b coctorhmm BHyTpeHHeCi 
i4npKynfii4MM v\ HTo6bi TonbKO KaKaa-TO nacTb 
3TMX HacTkm HanpaBnanacb b noTOK, 
L\npKynnpyioLAMM nepe3 BepxHioio nacTb 
peaKTopa, KOTopan cpyHKUMOHHpyeT b KanecTBe 
KOHBetiepa. CoBepiueHHO acho, hto 
AeticTBHTeribHoe nonepeHHoe ceneHne ce^nn 
cMeiunBaHna 6yAeT 6onbiue nonepeHHoro 
ceHeHns KOHBei?iepHoR ceKL^nn. B ashhom 
cnyMae cpeAHfln CKopocTb noTOKa ceKL^nn 
CMeiiJMBaHMfl 6yAeT cooTBeTCTBeHHO MeHbiue 
cpeflHeii CKopocTH noTOKa KOHBetiepHoti ceKL(nn, 
6naroAapfl MeMy npeo6naAa»LAafi b ceKL^nn 
CMeiunBaHMfl nnoTHOCTb cycneH3nn 6yAeT 
6onee BbicoKOM. 

KpoMe Toro, reoMeTpnw ceKL(nn CMeujuBaHU^ 
BbinonHeHa TaKOBOM, HTo6bi b »ew o6s3aTenbHO 
o6pa30BbiBanacb BHyTpeHH^q L|npKynymna, 
Korapaa BbiHyx<AeHa 6yAeT B03BpaiAaTbCfi b 
TOHKy CMeujnBaHUfl. CneAOBaTeribHO, b AaHHOM 
cnyMae AonycKaeTca B03MO>KHOCTb 
perynnpoBaHHa nnoTHOCTH cycneH3Hn b ceKL(nn 

CMeilJHBaHMfl M OCOGeHHO B TOHKe CMeiilUBaHMH B 

npeAenax AoeonbHO 6onbiuoro Anana30Ha. KaK 
npaBMno, Ann T04KM CMeiuMBaHMfl BnonHe 
AOCTaTOHHoti oyAeT nnoTHOCTb cycneH3nn ot 
10 7 pp 10 s HacTHL(/M 3 , 6naroAap3 neMy b 
3aBncnMOCTn ot pa3Mepa >-iacTHL( n 
HOMMHanbHoro Beca cycneH3Mfl 6yAeT 

COAep>KaTb OT 10 AO 100 KrfM 3 TBepAblX HaCTHL(. 
B 3tom CB513H cfieAyeT ynOMSHyTb O TOM, HTO B 
cnynae ncnonb30BaHHfl o6bNHoro 
nceBAoo>KH>KeHHoro enow nnoTHOCTb cycneH3nn 
6yAeT paBHa HecKoribKMM cotham KunorpaMM b 
MeTpe Ky6nHecKOM, a CneAOBaTeribHO, 6yAeT 
cooTBeTCTBeHHO 6onee BbicoKHMH noTepn 
AaBneHnq 

Ha cpur. 5n6 noKa3aH npeAnoHTUTenbHbiM 
BapnaHT ycTpoMCTBa no n3o6peTeHHio. Ha stux 
nepTe>Kax unjiiocTpupyeTCfl HH>KHflfl nacTb 
peaKTopa 2, noKa3aHHoro Ha c£nr. 2, b stom 
HM>KHefi nacTM peaKTopa pacnono>KeHa 
CMecMTeribHafl KaMepa 5, KOTopafl b cbokj 
onepeAb coAep>KMT KOHycoo6pa3Hoe aho 6, 
CKOiueHHoe Ha KOHyc no HanpaBiieHMio bhm3 h b 
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caMOM HM>KHeM TOMhce KOTopofi pacnono>KeHO 
BnycKHoe OTBepcTHe pf\n ra3a 7. C B03AyLiJHofi 
kopo6kom 8, KOTopaa o6pa30BaHa Me>Kfly 
Aohhow nacTbio peaKTopa 4 n aohhoCi nacTbio 
CMeci/iTenbHofi raMepbi, TaHreHU,wanbHO 
coeflMHfieTcn BnycKHan Tpy6Ka 29 Ana 
oxna>KAaioi4ero ra3a 9. no i^empy aohhoh 
4acTn peaKTopa pacnonaraeTcn BnycKHoe 
OTBepcTne Ana TexHonornMecKoro ra3a 1. no 
coeflMHeHHbiM co CMecnTeiibHOM KaMepoti 
Tpy6KaM B03BpaTa 16 Ana BbiAeneHHH TBepflbix 
4acTHL( BOSBpai^aeMbie TBepflbie MacTni^bi 
otboa^tc^ bhm3 HanpaBJieHHoe 
L4npKyn?iL4noHHoe f\BV\w.e»v\e no HanpaBJieHnio k 
BnycKHOMy OTBepcTwo Ana ra3a 7. [ionepeMHan 
noBepxHOCTb ceKL(HM CMeiunBaHna 6yfler 
6onbwe nonepe^Hoii noBepxHOCTM HaA 
peaKTopoM, KOTopbiM b flaHHOM cnynae 

BbinOJIHfleT C|3yHKL4MK3 KOHBeitepa. 

CoBepnieHHO hcho, hto noKa3aHHyio Ha cpur. 
5 h 6 ceKU,nio CMeiuMBaHUfi mowho BbinonHMTb 
mhom KOHCTpyKL^nn. HanpuMep, KOHycoo6pa3Hafi 
AOHHaa MacTb CMeci/iTenbHOM KaMepw MoxeT 

MM8Tb HeCKOJlbKO OTBepCTMM, Hepe3 KOTOpbie 

MO*reT npoxoAHTb no MeHbLuefi Mepe MacTb 
npeflHa3Ha4eHHoro aha oxna>KAeHMfi ra3a. 

KaKafl-TO MaCTb TBepAblX MaCTMU M0>K6T 

BBOAMTbc?! b CMecHTenbHyio KaMepy 4epe3 
BnycKHyio Tpy6Ky Ana ra3a 29. 

ripMHi^nn pa6oTbi oeKi^nn CMeiiii/iBaHMfi, 
noKa3aHHoii Ha cpur. 5h 6, ocHOBbiBaeTca Ha 
bo3mo>khoctm perynnpoBaHMfi b npeAenax 
ninpoKoro Anana30Ha nnoTHOCTM cycneH3nn u 
TeMnepaTypbi ceKU,m/i CMewi/iBaHi/ifi u oco6eHHO 

TOHKM CM6LLlMBaHMfl AO ypOBHfl, KOTOpblW 6yAeT 

onTMManbHbiM Ana Kax<floro KOHKpeTHoro 
cnyHafi, a TatoKe Ha bo3mo>khoctu b Ka>KAOM 
OTAenbHOM cnynae CBecru k MMHMMyMy Ana 
onTHManbHoro ypoBHfl nnoTHOCTb m noTOK 
TBepAbix HacTnu, cycneH3uu, nocTyna(ow,efi Ha 
KOHBewep n b cenapaTop nacTHLi, GnaroAaps 
4eMy mo>kho 6yfleT CBecTM k MMHMMyMy 
npo6neMbi, CBA3aHHbie c BbicoKofi nnoTHOCTbio 
cycneH3MM, HanpuMep MCTupaHne, ci/icTeMotf 
o6pa6oTKM TBepAbix MacTMi^, noTepflMM 
AaBneHwa n T.fl. 

M3o6peTeHne BOBce He orpaHWHWBaeTCfl 
onucaHHbiMn Bbiiue oSnacTfiMM npaKTMMecKoro 
npuMeHeHna n ycTpoMCTBaMM, a AonycKaeT 
pa3nw4Hbie MOAncpuKau,nn, MHbie oonacTU 
npuMeHeHnn n KOHCTpyKTHBHbie peujeHua b 
npeAenax M3o6peTaTenbCKoro o6"beMa nyHKTOB 
cfjopMynbi M3o6peTeHHH. 

Xo™ b npuBeAeHHbix Bbiiue npuMepax b 
KanecTBe oxna>KAaK)Lnero ra3a ncnonbsyeTca 
L^upKynupyromnti ra3, oah3ko, o^eBMAHO, hto b 
3tom KanecTBe oxna>KAafOLnero ra3a MoryT 
BbidynaTb APy™e ra3bi, HanpuMep, B03Ayx. ripn 
TeMnepaType CMeLUUBaHun b TOHKe CMeLUMBaHna 
b Ka^ecTBe ncnapaicL^e^ >kmakocth MoweT 
BbicTynaTb BOfla. ripeflro>KeHHbifi cnoco6 mowho 
Tao<e ncnonb30BaTb pj\n ucnapeHM^ >KMAKOCTeM 
n KOHKpeTHO Ana pereHepai^nn TBepAbix nacTML^, 
o neM y>Ke roBopmin Bbiiue. 

cUopiwyna M3o6peTeHHfl: 

1 . Cnooo6 o6pa6oTKM TexHonornneoKux 
ra30B nyieM oxna>KAeHHfl b peaKTope c 

0>KM>KGHHblM O^OeM, np8AyCMaTpMBaKDLJ4MM 

BBeAeHne TexHorornHecKoro ra3a b peaKTop c 
o>KM)KeHHbiM ra30M, KaK o>KM)Kaioi4ero ra3a, n 
npuBeAeHna ero b conpuKOCHOBeHne c 

TBepAblMH HaCTML^aMM B 0)KM)KeHHOM CflOe, 

oxna>KAeHi/ie TexHonorn'-iecKoro ra3a n TBepAbix 
4acTi/iL( b peaKTope c 
BbinyoK H3 peaKTopa 



oxna>KAeHHoro 
coAep>Kamero TBepAbie HacTML^bi, BBeAeHne 
BbinyiAeHHoro oxna>KAeHHoro TexHonorn^ecKoro 
ra3a b cenaparap naoTULi Ana OTAejieHna 
TBepAblX MaCTML( ot oxji a>KAe H h o ro 
TexHOJiornneoKoro ra3a n 04mctkh ra3a, 
peL^nmnpoBaHne b peaKTop c o>KM>KeHHbiM 
cnoeM, OTAeneHHbix TaKnM o6pa30M 
oxna>KAeHHbix TBepAbix MaoTMU,, 

pei^MKJinpoBaHne oxna>KAeHHoro onniAeHHoro 
TexHonornHecKoro ra3a b KanecTBe 
OKtDKaioL^ero ra3a b peaKTop c o>KH>KeHHbiM 
cjioeiw, OTnuMaioiAMMCfi TeM, 4to, g L^e/ibio 

nOBblLiieHMfl 3CpCpeKTHBHOCTM, TeXHOJlOrMHeCKMM 

ra3, pei^MKnupoBaHHbiM oxna>KAeHHbiM 
TexHonornHecKufi ra3 n peL^MhcnupoBaHHbie 
oxna>KAeHHbie TBepAbie HacTnu,bi bboa^t 
OAHOBpeMeHHO nnn c KpaTKUM HHTepBanoM b 
CMecnTenbHyio KaMepy b HM>KHeM HacTM 
peaicropa c o>KM>KeHHbiM cnoeM, oxna>KAafl 
TexHOJiornHecKMM ras Ha nepBOM CTaAMM 
oxna^eHMfl, TexHorornHecKnw ra3 n TBepAbie 
MacTHL^bi noABepraioT AafibHeMiueMy 
oxna>KAeHMio b TennonpneMHMKe Ha BTopoPi 
CTaAHn oxna>KAeHHH b BepxHew nacTM peaKTopa 
c o)KH)KeHHbiM cnoeM nocne nepBoti CTaAnn 
oxna>KAeHMfl. 

2. Cnoco6 no n.1, omnMaioiAMMCfl TeM, 4to 
npn oxna>KAeHnn TexHonornMecKnx ra30B pp 
TeMnepaTypbi HM>Ke TeMnepaTypbi cpasoBoro 
npeBpameHMH BbinapeHHbix KOMnoHeHTOB napw 
cy6nnMnpyioT Ha noBepxHOCTH nacTHL4. 

3. Cnoco6 no n.1, OTni/iHaioLAMMCfi TeM, hto 
npn BbiAeneHMM anmob m TexHonornHecKoro 
rasa flbiMbi a6cop6npyioT Ha noBepxHOCTH 
TBepflbix nacTHL4 b pe3ynbTaTe oxnawfleHun, 

4. Cnoco6 no n.1, OTnnMaioiAMficfi TeM, 4to 
npu oxna>KAeHMM TexHonornMecKoro ra3a Hn>Ke 
TeMnepaTypbi cpa30Boro npeBpau^eHUfl 
KOMnoHeHTOB pacnnaBa Kannn pacnnaBa 
npminnaioT n OTBepAeBaioT Ha noBepxHOCTH 
TBepAbix 4acTHL^ unn OTBepAeBaioT b TBepAbix 
nacTHL^ax 

5. CnocoS no n.1 , OTnuHaiomnncsi TeM, mto b 
CMecnTenbHOM KaMepe noAAep>KHBaioT 
TeMnepaTypy CMeninBaHH5i w/nnw nnoTHOCTb 
cycneH3nn TBepAbix nacTHi4, 6naronpnaTHbie 
Ann xenaeMoi^ peaKL(nn, 3a c-ieT 
perynnpoBaHHfl KonnnecTBa TBepflbix nacTMi^ 
m/mjim ra3a, CMemnBaeMbix c TexHonor/mecKUM 
ra30M. 

6. Cnoco6 no n.5, OTnuqaioiAMMCJi TeM, 4T0 
TexHonornnecKne ra3bi oxna>KAaioT pp 
TeMnepaTypHbix Anana30HOB, rarapbie b 
KHHeTunecKOM nnaHe 6naronpnfiTHbi Ana 
npoTeKaHUfi >KenaeMbix XMMH^ecKnx peaKi4nii. 

7. Cnoco6 no n.6, OTnu^aioiAMMCfl TeM, 4T0 
TexHonornHecKne ra3bi oxna)KAaioT HH>Ke 
6naronpnHTHoro b KMHeTMHecKOM nnaHe 
TeMnepaTypHoro Anana30Ha He>KenaeMbix 
peaKL(Mfi, b TeneHne BpeMeHM, HeAOCTaTOHHoro 
Ann npoTeKaHun He^enaeMbix peaio^M. 

8. Cnoco6 no n.1, OTnu^aioiAMMCfl TeM, 4T0 
npn o6pa6oTKe TexHonornnecKHX ra30B, 
coAep>Kaii4HX cneKaeMbie nacTMUbi, 
TexHonop/mecKUM ra3 oxna>KAaioT Hnxe 
TeMnepaTypbi cneraHHH HacTni4. 

9. Cnoco6 no n.1, OTnHMaioiAMMca TeM, 4to 
nocne BbinonHeHun CTaAHH CMeiunBaHua CMecb 
ra3/TBepAbie nacTML^bi oxna>KAaioT b 
Tennoo6MeHHHKe. 

10. Cnoco6 no n.1, OTnuMaioLAMficfl TeM, mto 
nocne BbinonHeHun oahom v\3 cjaam 
pa3AeneHMfl ra3 oxna>KAaioT b Tennoo6MeHHMKe. 

1 1 . Cnoco6 no n.1 , OTnuHaioLAMticfl TeM, hto 
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nocne Bbino/iHeHun oahom H3 GTafli/iM 
pazp,enenm v\ bo3mo>kho nocne HeKOTopbix 
flpyrux CTaflMM TexHonorHHecKoro npcmecca 
noTOK ra3a, KOTopbifi nn6o normocTbio, jim6o 
nacTi/iHHO OMnmeH, oxna>KAaioT Ann 
KOHAeHcupoBaHMfl KOMnoHema win 
KOMnoHeHTOB, coflep>KaiAMXca b ra3e, n 
B03Bpai^aioT KOHfleHcaT b TexHOJiorHHecKMM ra3. 

12. Cnoco6 no n.11, OTfiMHaioLflWMcn tsm, hto 
>KHflKOCTb, nonyneHHan b pe3yribTaTe 
oxna>KAeHMfl OHMifleHHoro ra3a h CMeiunBaeMaq 
c TexHonoranecKHM ra30M, coaepwuT Boay. 

13. Cnoco6 no n.11, OTrmnaioLflHMcn tsm, hto 
>KMflKOCTb, CMeiiiaHHaa c npeflHa3HaHeHHbiM Ann 
o6pa6oTKn ra30M, coflep>KMT pacTBopeHHbie 
conn, BoacbiBaeMbie b noBepxHOdb 
u,npKynwpyeMbix HacTim b MowieHT ncnapeHna 

XMflKOCTM. 

14. Cnoco6 no nn.1-13, aniMHaioLAi/i£icn TeM, 
hto TexHonorn'-iecKHH ra3 v\ npeAHa3HaneHHbiti 
Ann CMewnBaHHn c hum peL(i/iKrinpoBaHHbiPi ras 
npuBOflflT b KOHTaKTi/ipoBaHne apyr c ApyroM 
HenocpeACTBeHHO nepeA wx Bxo>KAeHMeM b 

KOHTaKT C TBepflblMM HaCTHL(aMH. 

15. Cnoco6 no n.1, OTfiwHaioLflHficn TeM, hto 
npeflHa3HaHeHHbiM Ann CMewi/iBaHHn c 
TexHorornMecKMM ra30M peu.uiKritipaBaHHbifl ra3 

CMeLLIMBafOT 0 nOTOKOM TBepAblX MaCTML( 

HenocpeACTBeHHO nepeA KOHTaKTupoBaHneM c 



16. Cnoco6 no n.1, OTJiunaioLflHPicn TeM, hto 
OAHy H3 nacTefi TBepAbix nacTHU, 
B03BpaLAaeMyio b CMecMTenbHyio KaMepy, 
CMeLLiMBafOT c pei^MKni/ipoBaHHbiM ra30M, 
npeAHa3HaHeHHbiM pfm CMeweHHn c 
TexHonornHecKMM ra30M, a Apyryw nacTb 

TBepAblX MaCTMU, CMeillMBaKJT c 

TexHOJiornHecKMM ra30M HenocpeACTBeHHO 
nepeA MOMeHTOM KOHTaKTMpoBaHixn ra30B Apyr c 
ApyroM. 

17. Cnoco6 no n.1, OTnnnaioiAi/itfcn TeM, hto 
peL|MKnnpoBaHHbi^ ra3, npeAHa3HaHeHHbifi Ann 
CMeiuMBaHUfl c TexHonornHecKUM ra30M, 

CMeiJJMBaiOT C nOTOKOM TBepAblX HaCTMl4 M c 

TexHOJiornnecKUM ra30M HenocpeACTBeHHO 
nepeA KOHTaKTupoBaHwewi TexHonorMHecKoro 
ra3a c TBepflbiMM HacTMi^aMH. 

18. YcTpoticTBO Ann o6pa6oTKM 
jb nyTeM oxna>KAeHnn 
I B npucyTCTBMM TBepAblX 

nacTML^, coAep>KaLAee BepTHKanbHbiM peaKTop, b 
Aohhow HacTM KOToporo pacnojio>KeHO BnycKHoe 
OTBepcTue Ann TexHonornMecKoro ra3a, 
OTJinHaioi^eecq TeM, hto, c u,enbio noBbiiueHHn 

SCpOpeKTHBHOCTM, OHO COAep>KHT CMeCUTejlbHyK) 



KaMepy, HenocpeACTBeHHO npnMbiKaiomyio k 
peaKTopy m MMeioiAym KOHycoo6pa3Hoe aho, 
CKOiueHHoe Ha KOHi^e no HanpaB/ieHwo bhm3 m 
MMeioiAee no MeHbLuen Mepe oaho BnycKHoe 
OTBepcTue Ann peL|HKnwpoBaHHoro ra3a, 
CMeiuMBaeMoro c TexHorornnecKUM ra30M win 
Ann wcnapeHnn >khakoctm, pacnono>KeHHoe 
HM>Ke KOHycoo6pa3Horo Ana, win 
pacnono>KeHHyio b HenocpeACTBeHHO^ 67ih30cth 
ot CTeHKH peaKTopa no MeHbiuePi Mepe OAHy 
BnycKHyio Tpy6Ky Ann peL(HKnnpoBaHHbix 
TBepAbix nacTui^, pacnono>KeHHyfo HaA 
KOHycoo6pa3HbiM ahom CMecnTenbHoti KaMepbi 
Mfin npuMbiKaioiAyio k AHy. 

19. YcTpoPicTBO no n.1 8, OTnuHaioi^eecfl 
TeM, hto KOHycoo6pa3Hoe aho CMecHTenbHofi 
KaMepbi pacnono>Keo HaA Ahom peaKTopa Ann 
o6pa30BaHnn B03AyuJHoCi kopo6km, a TaK>Ke no 
MeHbweti Mepe OAHa BnycKHan Tpy6a Ann 
pei4HKJinpoBaHHoro ra3a, CMewnBaeMoro c 
TexHonornHCKMM ra30M, pacnono>KeHa 
TaHreHL^naribHO no OTHOiueHnio k B03AywHoPi 
Kopo6Ke 

20. YcTpoMCTBO no n.1 9, OTnHHaiomeecn TeM 
hto BnycKHoe OTBepcTue KOHycoo6pa3Horo Ha 
CMecnTenbHOM KaMepbi pacnono>KeHO b caMoPi 
HM>KHeM TOHKe KOHycoo6pa3Horo Ana 
KOHL(eHTpHHHO no OTHOliieHUHD K BnycKHOMy 

OTBepcTMio b HM>KHeM HacTM peaKTopa, caMafl 
HM)KHfln TOHKa KOHycoo6pa3Horo flHa 
CMecMTenbHOM KaMepbi pacnono>KeHa Ha 

paCCTOflHUH OT AOHHOM H3CTM peaKTOpa, 

AonycKaioi^ee paBHOMepHbiC^ noTOK ra3a ot 
B03flyujHoti Kopo6KM flo CMecnTenbHoK KaMepbi. 

21. YcTpoticTBO no n.1 9, OTnunaioLneecfl 

TeM, HTO B CaMOti HMWHetf TOHKe 

KOHycoo6pa3Horo flHa CMecHTenbHoii KaMepbi 
pacnono>KeHo oTBepcTne, coeflUHnioineecfl c 
BnycKHbiM OTBepcTHeM Ann TexHonorHHecKoro 
ra3a, pacnono>KeHHbiM b aohhoW nacTH 
peaicropa, no MeHbweFi Mepe oaho BnycKHoe 
OTBepcrwe Ann pei^nKnupoBaHHoro ra3a, 
npeAHa3HaneHHoro Ann CMeiUMBaHun c 
TexHonornnecKUM ra30M pacnono>i<eHO b 
HM>KHeki HacTn KOHycoo6pa3Horo AHa 
CMecnTenbHoK KaMepbi. 

22. YcTpoMCTBO no nn. 18-21 , OTnunaioiAeecH 
TeM, hto pacnono>K.eHHan b CTeHKe peaKTopa 
BnycKHan Tpy6a Ann peL;MKjinpoBaHHbix nacTML( 
HanpaB/ieHa noA ocTpbiM yrnoM k CTeHKe 
peaiaopa 

23. ycTpoMCTBO no nn. 18-22, OTnuHaioifleecn 
TeM, hto BepxHnn nacTb CMecnTenbHofi KaMepbi 
CKOiueHa Ha KOHyc no HanpaBneHnio BBepx. 
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Ta 6/1 h u a 1 



OTHOCflTe/lbHblfl 

□6teM mipKy/in- 
pyiouiero ra3a, 
VUMpKynflUMn/* 
V npouecc 


06mwfl othoch- 

ra3a, 
Vo6hmm** 


l"l/>OTHOCTb UMp- 

nyflnpyiomMx nac- 

THU B 

TexHOJiorMiecKOM 
rase, 
Kr/HM 3 


ri/lOTHOCTb CVCneHSMM 


Kf/HM J 


tcr/M J 


0,00 


1,00 


2.667 


2,667 


8,439 


0,25 


1,25 


2,229 


1,783 


5,777 


0,50 


1,50 


1.792 


1,194 


3,735 


0J5 


1,75 


1.354 


0,774 


2.420 


1,00 


2,00 


0,1917 


0,458 


1.433 



V*Ui/ipKy/i$mmi - o6teM uwpKy/inpytoiuero rasa 

\/**o6mnft -o6inwft o6beM TexHoviormiecicoro ra3a Ha npouecc. 

'ipou, Ta6flnua 2 



V UMpKynnuviJi/ 




fl/lOTHOCTb UMP" 


riflOTHOCTb 


cycneH3nn ' 


V npouecc 




Ky/inpyiomMx 


Kr/H M J 


Kr/M J 






HaCTMH B TeXHO" 










zioriwecKOM ra3e, 










Kr/HM 3 






0,00 


1,00 


3.619 


3,619 


1,015 


0,25 


1,25 


3,175 


2,540 


0,713 


0.50 


1,50 


2,730 


1,820 


0,511 


0,75 


1,75 


2,286 


1,306 


0,366 


1.00 


2,00 


1,841 


0,921 


0.258 


T a 6 ii m u a 3 


V UupKy/isuiW* 


V06mnfi** 


ri/lOTHOCTb UMp- 


ri/lOTHOCTb 


cycneHSHM 


V npouecc 


Ky^npyioinnx 


kt/Hm j 


Kr/M J 






HaCTMU B TeXHO- 










ziorMHecKOM ra3e, 










kf/Hm 3 






0,00 


1,00 


14,00 


14,000 


6.135 


0,25 


1,25 


13,167 


10,533 


4,616 


0,50 


1,50 


12,333 


8,222 


3,303 


0,75 


1,75 


11,500 


6,571 


2,880 


1,00 


2,00 


10,667 


5,333 


2,337 



o 

Ta6/i nqa 1} 



00 


XjiopuSbi 


TeMnepaTypa n/iaB/iemifl 


TeMnepaTypa Kwnemifl 




MnCl2 


650 


1231 




FeCl3 


307 


315 


CO 


TiCle 


-25 


137 



o 



O 
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